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EFFECTS OF AMOUNT, RATE, AND STAGE 
OF AUTOMATICALLY-PACED TRAINING 
ON SELF-PACED PERFORMANCE! 


CHARLES O. NYSTROM, ROBERT E. MORIN, AND DAVID A. GRANT 


University of Wisconsin 


The present experiment investi- 
gates three factors associated with 
automatically-paced (AP) training on 
subsequent self-paced (SP) perform- 
ance of a psychomotor task. These 
factors are: (a) rate of automatic 
pacing; (b) amount of automatic 
pacing; and (c) the locus in the train- 
ing schedule of the AP practice. In 
an earlier study (4) using the same 
task, it was observed that, when 
tested for transfer under a self-paced 
condition, an AP training group 
performed poorer than the SP training 
group on the initial transfer trials but 
was better on the subsequent blocks 
of transfer test trials. The AP train- 
ing group showed significantly greater 
improvement than the SP training 
group on the SP transfer test. The 
same result was reported by Adams 
(1). Since the finding in the earlier 


1 This research was supported in part by the 
United States Air Force under Contract Number 
AF 33(038)-23294 monitored by the Armament 
Systems Personnel Research Laboratory, Air 
Force Personnel and Training Research Center, 
Lowry Air Force Base, Denver, Colorado. 
Reproduction in whole or in part is permitted 


for any purpose of the United States Gov- 
ernment. 


study was unexpected, it was desirable 
to test it in further investigation and 
to explore the important factors de- 
termining this phenomenon. 


METHOD 


Apparatus.—The apparatus was the Multiple 
Serial Discrimeter (MSD) (8, 4) which was 
designed and constructed at the University of 
Wisconsin, Laboratory of Experimental Psy- 
chology. It consists of five basic units: (a) re- 
sponse keyboard, (b) stimulus display, (c) stim- 
ulus programming unit, (d) control unit, and 
(¢) operations recorder. 

The response keyboard consists of a row of 
eight piano-type lucite keys mounted on the 
top surface of a gray metal box. The keys are 
1 in. apart except for the middle pair which are 
3 in. apart. Depression of a key requires 1 oz. 
of pressure, and operates a microswitch con- 
nected with a relay in the scoring circuit and also 
controls one of the eight response feedback lights 
on the stimulus display. An adjustable shield 
on the response keyboard prevents S from seeing 
the keys or his fingers. 

The stimulus display consists of two parallel 
horizontal rows of pilot lights. The upper row 
are red jewelled stimulus lights and the lower 
corresponding row are green jewelled response 
feedback lights. The rows are 1.5 in. apart 
and the lights within a row are 1 in. apart except 
that there are 2.5 in. between the middle pair of 
lights. The left-most stimulus light was as- 
sociated with the left-most response key, and 
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successive lights were respectively associated 
with successive keys. 

The stimulus programming unit determines 
which of the stimulus lights will be lighted on a 
given trial, thus programming the stimulus 
patterns. In the present experiment, each 
stimulus pattern consisted of three lights. The 
programming is accomplished by Western Union 
telegraph tape transmitters. Holes punched in 
the tape operate the stimulus lights and stimulus 
relays. The tape is advanced to a new pattern 
whenever a solenoid is activated. Under SP 
procedures, the solenoid is activated as soon 
as the previous pattern has been matched. 
Under AP conditions, the solenoid is activated 
by an adjustable electronic timing unit. 

The control unit consists of the circuitry 
necessary for stimulus presentation and scoring. 
Stimulus relays and response relays are wired 
so that an impulse is passed through the 16 
relays if, and only if, S’s response corresponds 
exactly to the stimulus pattern. In self-pacing, 
this correction impulse advances the transmitter 
to the next stimulus pattern, but in automatic 
pacing, when a correct match is made, all 
stimulus lights are turned off until the next 
pattern is presented. Two Veeder-Root count- 
ers keep separate records of the number of 
patterns presented and the number of patterns 
correctly matched. 

Response latencies and error indications for 
each stimulus pattern are recorded by an Ester- 
line-Angus operations recorder. 

Subjects—The Ss were 120 male students 
obtained from a pool of students who had 
volunteered to serve as part-time paid Ss. 
They were randomly assigned to the 11 experi- 
mental procedures under the restriction that each 
replication be completed before the next one 
was begun. None of the Ss had prior experience 
with the MSD. 

Design.—Each S had to match 425 three-light 
stimulus patterns, identically arranged for all 
Ss in 17 blocks of 25 patterns per block. Pat- 
terns were randomly ordered except that each 
of the 56 possible patterns occurred for the n-th 
time before any pattern occurred for the (n + 1)- 
th time, and the same pattern was not permitted 
to occur twice in succession. During the last 
seven blocks, the transfer test blocks, all groups 
matched patterns under the SP procedure, which 
provided a basis for comparing the effects of 
the earlier training. The experimental treat- 
ments consisted of varying the amount, rate, 
and locus of occurrence of AP practice during 
the ten training blocks. Two of the ten experi- 
mental groups received AP practice during all 
ten training blocks; they differed in the rate at 
which patterns were presented to them: i.e., 
1.28 sec. per pattern or 1.80 sec. per pattern. 
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The eight other experimental groups resulted 
from a2 X 2 X 2 factorial design which involved 
one or four blocks of AP practice at a fast or slow 
rate, and administered early (Block 1 or Blocks 
1-4) or late (Block 10 or Blocks 7-10). Each 
of these ten experimental groups consisted of ten 
Ss. The control group, however, contained 20 
Ss. This group matched all 17 blocks of 
patterns, training and test, under the SP 
procedure. 

Before the experiment each S was carefully 
instructed as to the procedure of operating the 
MSD and was given a demonstration. The Ss 
were instructed to “do your best to match each 
new pattern as quickly as you can. The faster 
you match the patterns the better your score 
will be.” One-minute rest periods were given 
after each block of patterns. The Ss were 
always told during the rest period whether the 
next block of patterns would be automatically- 
or self-paced. Scores were not given to Ss until 
the end of the experiment. 


RESULTS 


All scores were reduced to mean 
seconds to match a pattern. The 
complete summary of the data of the 
experiment is presented graphically in 
Fig. 1. Each subplot in Fig. 1 is a 
graph of mean seconds to match a 
pattern as a function of the 17 
successive blocks of 25 three-light 
patterns. The control curve is 
plotted in each of the five graphs. In 
addition to the control curves, there 
are plotted in: (4) the two groups 
receiving AP practice on the first 
block, (B) the two groups receiving 
AP practice on the tenth block, (C) 
the two groups receiving AP practice 
on Blocks 1-4, (D) the two groups 
receiving AP practice on Blocks 7-10, 
and (£) the two groups receiving AP 
practice on all ten training blocks. 

Regular learning was obtained for 
all groups. The regularity of the 
data permitted a comparison of group 
performances which indicated that the 
successive blocks of patterns differed 
somewhat in difficulty. This is par- 
ticularly important because Blocks 13 
and 14, in the last seven critical test 
blocks, were unusually easy and 
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Fic. 1. Self-paced performance curves for all groups. Different subplots show 
performance for different amounts and stages of AP training. 


Block 15 was unusually difficult. In 
spite of the irregularity due to block 
difficulty, the same general trend 
which stood out in the earlier study 
appeared in this experiment. In 
general, the SP control group per- 
formed better than the AP groups 


during the initial test blocks, but 
during the later test blocks the reverse 
relationship occurred. The major 
differences among the treatments and 
their combinations, then, are to be 
found by comparing the slopes of the 
group curves during the seven test 
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blocks. Of the ten experimental 
group curves in Fig. 1, only one has a 
smaller slope than the control group; 
it is the group that received slow AP 
practice on Block 1. The greatest 
differences in slope appear in subplot 
E where both AP groups show marked 
superiority over the SP control group 
in the last two test blocks. In Table 
1 is presented a statistical analysis of 
the slopes and means over the test 
blocks of the orthogonal groups plot- 
ted in 4, B, C, and D of Fig. 1 with 
the exception of the control group. 
The Alexander trend analysis (2) was 
used. Most important were the 
differences between group slopes for 
the fast vs. slow pacing and for the 


TABLE 1 


Summaries oF ALEXANDER TREND ANALYSIS 
OF THE E1cut OrTHOGONAL Groups 
OVER THE SEVEN Test Biocks 






































A. Be- B. Be- | C. Group 
tween tween | Deviations 
Group Group from 
Source Slopes Means | Linearity 
df F df F af F 
Stage of AP 
training 1 | 0.00 | 1 |0.03| 5 | 0.60 
Amount of AP 
training 1 | 0.64 | 1 | 1.73] 5 | 1.65 
Rate of AP 
Training 1 | 4.19*| 1 |0.83 | 5 | 2.34* 
Stage X Amount} 1 | 4.04*| 1 | 2.58] 5 | 0.40 
Stage X Rate 1 | 0.00 | 1 |0.10| 5 | 0.31 
Amount X Rate | 1 | 0.10 | 1 |0.02) 5 | 0.38 
Stage X Amount 
X Rate 1 | 0.62 | 1 |0.32| 5 | 0.72 
Source df — | F 
Between individual 
slopes 72 | .0180 | 1.78** 
Between individual 
means 72 | .4096 | 40.67*** 
Over-all slope 1 | .7214 | 71.46*** 
Over-all deviations 
from linearity 5 | .0221 | 21.90*** 
General error estimation| 360 | .0101 














* Significant at 5% confidence level. 
** Significant at 1% confidence level. 
*** Significant at .1% confidence level. 
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interaction between the factor of 
early vs. late AP practice and the 
factor of amount of AP practice (one 
or four blocks). In general, the more 
rapid the automatic pacing the greater 
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Fic. 2. Each subplot shows the effect of one 
of the three main variables during the seven 
test blocks. Top: amount of AP training. 
Center: rate of AP training. Bottom: stage of 
AP training. 
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of TABLE 2 
he SumMARIES OF ALEXANDER TREND ANALYsEs OF ALL 11 Groups 
ne OVER THE SEvEN Test Biocks 
re 
rer A. 10, 4, 1, and 0 B. Fast, Slow AP, and 
AP T: i SP Control Group 
Source 
] af FP Error | af F Hyves 
(1) Between group slopes 3 7.48*** | (6) 2 6.07** (6) 
(2) Between group means 3 0.74 (7) 2 0.51 (7) 
(3) Group deviations from linearity 15 0.66 (8) 10 1.01 (8) 
(4) Over-all slope 1 | 110.07*** | (8) 1 | 111,00*** | (8) 
(5) Over-all deviations from lineatity 5 29.22*** | (8) 5 29.47*** | (8) 
(6) Between individual slopes 116 1.52* (8) 117 1.66* (8) 
(7) Between individual means 116 37.01*** | (8) 117 37.40*** | (8) 
(8) General error estimate 580 (0.1163) 585 (0.1174) 
* Significant at 5% confidence level. 
** Significant at 1% confidence level. 
#** Significant at .1% confidence level. 











was the slope of the curves over the 
test blocks. The significant F in 
Column C reflects the fact that the 
slow AP test trend is more curvilinear 
than the fast AP test trend. The 
significant F’s in the lower part of 
Table 1 show the existence of in- 
dividual differences and progressive 
but nonlinear decreases in time scores 
during the test blocks. The F’s in 
Column A involved Between individual 


SP control. In the bottom graph the 
comparison is between early and late 
AP training. Here the presence of 
automatic pacing in the training is 
shown to increase the slope of the 
curves, but there is no apparent 
difference between early and late 
automatic pacing. 

The trend analyses.of the data of 
the top and center subplots of Fig. 2 
are presented in Table 2. In Column 


2 slopes as the error term; Between in- A of Table 2 a comparison is made 

- dividual means was used for Column between the various amounts of AP 

B; and Column C involved the general training—no automatic pacing in the 

i error term. control group, 1 block, 4 blocks, and 

In Fig. 2 are plotted for comparison 10 blocks in the experimental groups. 

the transfer test trends for the basic All 11 groups were used in this 

variables of the experiment. In the analysis. There is a significant differ- 

top graph are compared the transfer ence between group slopes indicating 

test curves for the various amounts of that the more AP training given the 

AP training (0, 1, 4, or 10 blocks) more rapid is the improvement during 

during the experiment. The curves the test blocks as compared with the 

show progressively greater slopes for SP control group. Other significant 

increasing amounts of AP practice. differences indicate that there is over- 

4 In the center graph the two rates of ll learning with both linear and non- 

- automatic pacing are compared with linear components, and that there are 

the SP control curve. Hereisaclear individual differences within the 

_— indication of greater improvement in groups. The F’s in Column B are for 
‘ven —_— . 

in. the fast AP training (32 sec. per the comparison between the fast, 

e of block) as compared with the slow AP slow, and control groups. All 11 








training (45 sec. per block) and the 


groups were analyzed. Again, there 
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is a significant difference between 
group slopes with an F of 6.07. The 
indication is that the more rapid 
automatic pacing is associated with 
greater improvement during the test 
blocks as compared with the control 
group performance. And again, there 
is indication of over-all slope and 
over-all deviation from linearity. 


Discussion 


These findings confirm and extend the 
observations reported in the earlier study 
in this series and are in line with the 
results reported by Adams (1), although 
Adams did not separately test the 
significance of the linear and nonlinear 
components of his trends. The indica- 
tions are clear that automatic pacing in 
training can improve later SP perform- 
ance. This improvement is observed in 
terms of nine of the ten experimental 
groups having greater slopes than the 
control group during the test blocks. In 
nearly all cases this resulted in the 
superiority of the experimental groups 
over the control group in the last few 
test blocks. 

No significant differences between 
group means were observed. Despite 
this, the findings are important for two 
reasons. First, it is surprising that AP 
groups even do as well during the test 
blocks as the SP group, for the AP Ss 
match fewer patterns correctly and in 
this sense received less practice than the 
SP Ss during the training blocks. 
Secondly, if the test block slopes were to 
remain relatively constant, then later SP 
performance would be benefited more by 
AP training than by SP training itself. 
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SUMMARY 


Eleven groups of Ss were given ten blocks of 
training on the MSD psychomotor task, then 
transferred to a self-paced procedure for the 
remaining seven test blocks. Their training 
permitted study of the effects on SP performance 
of three aspects of automatic pacing: (a) amount 
(0, 1, 4, or 10 blocks), (b) rate (1.28 vs. 1.80 sec. 
per pattern), and (c) stage of AP practice (early 
vs. late). Within the limits studied, the prin- 
cipal (statistically significant) findings were as 
follows : 

1. The greater the amount of AP practice 
given during training, the greater the rate of 
improvement during the subsequent SP test 
blocks. 

2. The faster the AP practice, the greater the 
rate of improvement during the test blocks. 

3. There was no significant effect due to 
early vs. late AP practice on the transfer test 
performance, except that there was a slope 
interaction between stage and amount of AP 
practice. 


The present results confirm earlier findings 
(1, 4) and reveal more of the extent to which the 
variables of amount and rate of AP training are 
beneficial to later SP performance. 
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EFFECT OF RATE OF AUTOMATICALLY-—PACED 
TRAINING IN A MULTIDIMENSIONAL 
PSYCHOMOTOR TASK! 


NORMAN H. ANDERSON, FREDERICK H. KRESSE, AND DAVID A. GRANT 


University of Wisconsin 


The present experiment investi- 
gates the effect of rate of automat- 
ically-paced (AP) training on sub- 
sequent self-paced (SP) performance 
in a psychomotor task. Nine condi- 
tions of AP training were employed 
in addition to the SP control group. 
Six of the AP groups were trained at 
constant pacing rates. For the three 
remaining experimental groups, the 
pacing rate was increased in suc- 
cessive training trials. The variable 
rate for one of these groups followed 
the average SP performance curve on 
a previous study with the present 
apparatus (3), while the remaining 
two pacing speeds lay 10% above and 
10% below this curve. 

Previous studies have shown that 
there is excellent transfer from AP 
training to the SP test. Adams (1), 
using a modified Mashburn task, 
found no significant differences in SP 
performance times between control 
and experimental groups equated on 
total training time. In experiments 
involving a finger keyboard response 
(4, 5), it was found that groups 
trained on AP showed greater im- 
provement on the SP test than did the 
SP control group. Rate and amount 
of AP training were found to be 
important variables. The present ex- 
periment was carried out using a 


1 This research was supported in part by the 
United States Air Force under Contract No. 
AF33(038)-23294, monitored by the Armament 
Systems Personnel Research Laboratory, Air 
Force Personnel and Training Research Center, 
Lowry Air Force Base, Denver, Colorado. 
Reproduction in whole or in part is permitted 
for any purpose of the United States Gov- 
ernment. 


different psychomotor task in order to 
obtain further information on the 
generality of the earlier findings. 


METHOD 


Apparatus.—The apparatus used in this 
experiment was designed to provide an ap- 
proximate simulation of radar procedures, al- 
though no particular radar was simulated. A 
detailed description of its operation has been 
given in an earlier paper (3) so that only a brief 
résumé need be given here. 

The S sat facing a 6-in. oscilloscope screen 
divided symmetrically into four 2-in. square 
quadrants. Stimulus patterns appeared in the 
centers of these quadrants, and S’s task was to 
center these patterns on the scope with one- 
handed corrective movements of a control stick 
mounted on a pedestal placed between S’s legs. 

The patterns were presented by a program- 
ming unit consisting of a Western Union tape 
transmitter and associated relays and electronic 
circuits. Under SP presentation, a new pattern 
appeared as soon as S had correctly responded to 
the current pattern. The AP presentation was 
governed by an electronic timing circuit which 
presented new stimuli after a certain time in- 
terval regardless of S’s actions. In this case, 
whenever S’s response was correct, the stimulus 
pattern locked in the center of the scope face 
until the end of the allotted time. Errors for 
elevation, azimuth, and range, as well as hits, 
were scored by four counters. 

The stimulus patterns were long (} in.) or 
short (} in.) horizontal lines appearing in the 
center of one of the four quadrants on the 
oscilloscope screen. ‘The S’s task was to produce 
a medium sized (} in.) line in the center of the 
screen by making three corrective motions with 
the stick. For all patterns the effects of the 
stick motions on the patterns were as follows: 


Azimuth: Stick right moved stimulus left, 
stick left moved stimulus right; 
Elevation: Stick forward moved stimulus up, 
stick backward moved stimulus down; 
Range: Thumb control forward lengthened 
stimulus, 
thumb control backward shortened 
stimulus. 
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Fic. 1. Variation of mean response time per 
pattern in the transfer test as a function of time 
per pattern in AP training for the six constant- 
rate AP groups. The parameter is test trial 
number. 


J 





In addition to this visual response feedback, a 
disagreeable buzzer sounded whenever S made 
an error. 

Experimental design—Ten groups were run, 
each containing ten Ss. Each group received a 
total of 14 trials of 40 stimulus patterns each. 
The first 9 of these trials were used for training 
and the last 5 were used to test the effects of 
training. All groups received the initial training 
trial and the 5 test trials under SP; they were 
differentiated by their treatment on the last 8 
trials of the training series. Six groups received 
these 8 trials at one of six constant rates of 
stimulus presentation. Three additional groups 
were also run under AP training but successive 
trials were presented at faster rates. A control 
group was given SP training throughout. 
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Fic. 2. Variation of mean errors per pattern 
in the transfer test as a function of time per 
pattern in AP training for the six constant-rate 
AP groups. , 
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For the six constant-rate AP groups, each 
stimulus was presented for a duration of either 
1.7, 2.0, 2.3, 2.6, 2.9, or 3.2 sec. Forone shifting- 
rate AP group, the pacing speed followed the 
average SP performance curve in the earlier 
experiment (3), while the pacing speed for the 
remaining two groups lay 10% above and 10% 
below this average curve. Comparison showed 
that the control group performance in the 
present experiment coincided quite well, after 
the first three training trials, with the perform- 
ance predicted by the earlier experiment, though 
at the outset their performance was considerably 
inferior. 

Procedure—After being seated at the ap- 
paratus, S was read the instructions, identical for 
all groups, in the course of which he corrected 
two stimulus patterns. After answering ques- 
tions, E then presented the first trial of 40 
stimuli using the SP procedure. In the 14-min. 
interval which followed completion of this trial, 
the experimental groups were informed that the 
stimuli would now be presented using the AP 
procedure, with appropriate wording for the 
constant-rate and for the shifting-rate groups. 
To reduce possible frustration, these groups 
were told specifically not to worry if the stimuli 
seemed to come on too fast, but to do as well as 
possible. There followed eight trials of 40 
stimuli each, with a l-min. rest interval between 
successive trials. After the training series, all 
Ss were given a 5-min. break before the beginning 
of the test series. In the last $ min. of this rest, 
E read a brief set of instructions informing S 
that the test series was about to begin, that it 
would consist of five trials of 40 stimuli each, 
and that the SP presentation would be used. 
Two Es conducted the experiment, each running 
half of the Ss in all groups. 

Subjects—The Ss were 100 male under- 
graduate students who had signed up as paid Ss 
for psychological experiments. None had 
worked on previous studies with this apparatus. 


RESULTS 


The results to be presented in the 
present paper are restricted to the 
transfer test at the end of training. 
The scores used are mean time per 
stimulus averaged over the 40 stimuli 
of each test trial for each S, and mean 
number of errors per stimulus pattern 
averaged over the five trials of the 
test series. 

Effect of pacing rate in AP training 
on subsequent SP test.—Mean response 
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time per stimulus pattern in the SP 
transfer test is plotted against pacing 
rate in AP training in Fig. 1. The 
parameter is test trial number. The 
graph gives some indication of a 
decrease in time per pattern with 
increase in training time. However, 
analysis with orthogonal polynomials 
showed that this trend was not 
significant. 

In Fig. 2, number of errors per 
stimulus pattern averaged over the 
200 patterns of the five test trials are 
graphed separately for range, eleva- 
tion, and azimuth, with pacing rate 
in AP training asthe abscissa. Range 
errors decrease sharply as AP training 
time increases. Elevation errors also 
show some decrease but azimuth 
errors are essentially equal for the 
various AP groups. These state- 
ments are supported by the orthogonal 
polynomial analysis given in Table 1. 

Trend during transfer test.—Figure 
3a compares average performance of 
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Summaries oF ANALysis oF Rance, ELevation, 
anp AzimutH Errors on SP Test as A 
Function or AP Trarninc Rate 








B. Ele- | C. Azi- 
Source of A. Range rn 

af vation muth 
Variation Errors Breese | Eerere 





Between rates 5| 3.07* 0.80} 0.49 


Linear com- 
ponent 1| 14.86***| 2.98] 0.00 
Residual 4| 0.13 0.25| 0.61 
Within rates 


Error estimate | 54|362.50 | 369.43 | 59.88 

















* oxo Sanificant at 5% confidence level. 
Significant at 1% confidence level. 


the six constant-rate AP groups and 
the SP control group for each of the 
five test trials. Inclusion of the 
control group performance on training 
Trials 2 through 6 indicates the extent 
of the benefit conferred by AP 
training. 

There is a clear tendency for the 
faster AP groups to show steeper 
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Fic. 3. Variation of mean response time per pattern in the transfer test as a function of test 
trial number: (a) control SP group compared with the six constant-rate AP groups; (b) control SP 
group compared with the three shifting-rate AP groups. In both cases the upper curve gives control 


group performance on training Trials 2 through 6. 
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TABLE 2 


ANALysis oF TRENDS oF Time Scores Durinc SP Tests FoLttowinc 
Variep Rates or AP TRAINING 




















A. Constant AP Rates B. Shifting AP Rates 
Source of Variation 
df F af F 

1. Between group means 5 0.72 2 4.64* 
2. Between group slopes 5 3.54** 2 0.34 
3. Between individual means 54 ina 27 2136°"° 

Error estimate for (1) 2610.89 2025.33 
4. Between individual slopes 54 — 27 4,.43*** 

Error estimate for (2) 211.45 420.39 
5. Group deviations from estimation 15 0.68 6 1.25 
6. Over-all slope 1 215.88*** 1 41.08*** 
7. Over-all deviations from linearity 3 13.76*** 3 4.38** 
8. Individual deviations from estimation 

Error variance estimate 162 63.37 81 94.83 











* Significant at 5% level. 
** Significant at 1% level. 
+ Significant at .1% level. 


slopes in this graph, and this was 
borne out by the Alexander trend 
analysis (2), given in Column A of 


Table 2, which shows significant 
(.01) differences between group 
slopes. At the same time, differences 


between group means did not reach 
significant levels. The tabulated 
trend analysis does not include the 
control group. However, a separate 
analysis with this group included 
gives identical significance statements 
so that it may be concluded that the 
mean test performances of the six 
constant-rate groups do not differ 
significantly from one another or from 
the control group. 

Figure 3b makes a similar com- 
parison for the three shifting-rate 
experimental groups. The slowest 
shifting-rate group (+10%) shows 
performance superior to the two 
remaining shifting-rate groups. In 
fact, this group does better than the 
control group on all five test trials. 
Column B of Table 2 gives the 
Alexander trend analysis of these 
three groups. Here it is seen that 
group slopes are not significantly 
different but that the difference be- 


tween group means is significant (.05). 
When the control group data were 
added, the between group means F 
was reduced somewhat, but the same 
significance levels were obtained for 
all group comparisons. This differ- 
ence between group means is pre- 
sumably due to the inferiority of the 
— 10% shifting-rate group. It is not 
safe to conclude that the + 10% 
group is significantly superior to the 
control group. 


Discussion 


Over-all differences in the performance 
of the experimental groups during the 
transfer test seem to favor the slower 
AP groups, particularly in the error 
scores. The slower, shifting-rate groups 
are superior to the SP control but not 
significantly so. The results indicate 
that the faster constant-rate AP groups 
show a more rapid improvement during 
the SP transfer test. However, this just 
compensated for their poor initial trans- 
fer test performance. 

These conclusions are in contrast to 
the results of the finger keyboard study 
(4, 5), where AP training eventuated in 
performance superior to that of the SP 
group. This difference could arise in 
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two ways. First of all, intrinsic differ- 
ences in the two tasks could lead to these 
slight discrepancies. Certainly, not 
enough is known to state in what way, 
and to what extent, two psychomotor 
tasks are equivalent. Secondly, it is 
possible that AP training confers a real 
benefit, but the length of the transfer 
test was insufficient to reveal it. 

It is also of interest to compare the 
present data with Adams’ modified 
Mashburn task (1). In both cases, no 
significant differences in SP performance 
times were found between the groups 
given AP training and the SP control 
group despite marked differences in 
numbers of patterns successfully re- 
sponded to in the training series. In 
Adams’ study, however, the various 
groups were equated on training time 
which was not the case in the present 
research. These differences in training 
time are reflected in Fig. 4, which plots, 
at each trial of the test series, total prior 
task time for each group relative to the 
control group. Thus, for each group, 
the points at Trial 1 give the total time 
spent on the nine training trials divided 
by 1271 sec., which is the average total 
training time for the control Ss. Except 
for the slowest pacing rate in each type 
of AP training, all curves lie below the 
control group line, showing that, at each 
trial, these groups had spent less time at 
the task than had the control group. 
Although this graph must be interpreted 
with caution, it indicates that, in terms 
of relative training time, AP training is 
more efficient than SP training. 


SUMMARY 


The results of an experiment testing the 
effect of rate of automatically-paced training in 
a multidimensional psychomotor task are pre- 
sented. Nine conditions of automatic pacing 
were employed in addition to the self-paced 
control group. Six of the experimental groups 
were trained with constant pacing rates while 
the pacing rate for the remaining three experi- 
mental groups was increased in successive 
training trials. 

The experimental Ss were given the initial 
training trial under self-pacing followed by eight 
training trials under automatic pacing. All 
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Fic. 4. Variation of total prior task time 
relative to the control group as a function of 
test trial number. Numbers by control group 
points give mean total task time in seconds for 
the control group prior to the given trial. 
Numbers by the AP group curves indicate 
pacing rate in training. « 


groups were given a transfer test consisting of 
five trials under the self-paced procedure. Each 
trial contained 40 stimulus petterns. Time 
scores and errors in range, azimuth, and elevation 
are reported for the five trials of the test series. 

The following transfer test results were 
obtained for the constant-rate automatically- 
paced groups: (a) Range errors decreased 
sharply as time per pattern in automatically- 
paced training increased. Elevation errors also 
showed a decrease, while azimuth errors were 
essentially equal for all groups. (b) A tendency 
toward decreased response time for the slower 
pacing rates was found to be not significant. 
(c) An Alexander trend analysis showed no 
difference in mean performance times for these 
groups either alone or together with the control 
group. Differences between group slopes were 
significant indicating that the groups trained 
under the faster pacing rates were improving 
more rapidly in the transfer test. 

The following transfer test results were ob- 
tained for the shifting-rate automatically-paced 
groups: (a) No significant differences between 
group slopes were found by the trend analysis, 
either for these three groups alone, or when 
combined with the control group. (5) Differ- 





236 


ences between group means were significant at 
the .05 confidence level. This effect seemed to 
be due to the poorer performance of the fastest 
shifting-rate group. 

These results agree with previous work (Il, 
4, 5) showing that automatically-paced training 
is at least as efficient as self-paced training, 
even though the former groups give fewer correct 
responses during training. ‘The results indicate, 
moreover, that this remains true even when less 
time is spent in training than for the self-paced 
Ss. Superior terminal performance on the part 
of the automatically-paced groups, as reported 
in two previous researches (4, 5), was not 
demonstrated in the present experiment. 


REFERENCES 


1. Apams, J. A. The effect of pacing on the 
learning of a psychomotor response. 
J. exp. Psychol., 1954, 47, 101-105. 





N. H. ANDERSON, F. H. KRESSE, AND D. A. GRANT 


2. Avexanper, H.W. A general test for trend. 
Psychol. Bull., 1946, 43, 533-557. 

3. Kresse, F. H., Peterson, R. M., & Grant, 
D. A. Multiple response transfer as a 
function of supplementary training with 
verbal schematic aids. J. exp. Psychol, 
1954, 48, 381-390. 

4. Nystrom, C. O., Morin, R. E., & Grant, 
D. A. Transfer effects between auto- 
matically-paced and self-paced training 
schedules in a perceptual-motor task. 
USAF, Hum. Resour. Res. Cent., Res. 
Bull., 1953, No. 53-66. 

5. Nystrom, C. O., Morin, R. E., & Grant, 
D. A. Effects of amount, rate, and 
stage of automatically-paced training on 
self-paced performance. J. exp. Psychol., 
1955, 49, 225-230. 


(Received July 1, 1954) 














Journal of Experimental Psychology 
Vol. 49, No. 4, 1955 


EFFECT OF TARGET BRIGHTNESS AND TARGET SPEED 
UPON TRACKING PROFICIENCY! 


JAMES F. VOSS 
University of Wisconsin 


A variable which may have a 
significant effect upon visual tracking 
is the contrast in brightness of the 
target being tracked and its back- 
ground. Battig, Nagel, Small, Gregg, 
and Brogden (2), in discussing their 
study of the effect of frequency of 
intermittent presentation of the target 
upon tracking, indicate that bright- 
ness may be important in determining 
proficiency of tracking. Contrast is 
the primary variable of the present 
experiment and was controlled by 
maintaining a dark background and 
varying the brightness of the target. 

When the brightness of the target is 
decreased to a point where it cannot 
be discriminated against the back- 
ground, a limiting condition of zero 
performance is established. The rela- 
tive level of tracking performance for 
levels of target brightness higher than 
the limiting condition is unknown. 
One hypothesis is that, as target 
brightness increases, tracking pro- 
ficiency will increase in a linear man- 
ner. A second hypothesis asserts 
that, as target brightness increases, 
tracking proficiency will increase in a 
curvilinear manner. A _ third hy- 


1 This article is based on a thesis presented in 
partial fulfillment of the requirements for the 
M.S. degree, Department of Psychology, Uni- 
versity of Wisconsin, 1954. The author wishes 
to thank Dr. W. J. Brogden, who directed the 
research. This research was supported in part 
by the United States Air Force under Contract 
Number AF 33(038)-23294 monitored by the 
Armament Systems Personnel Research Labora- 
tory, Air Force Personnel and Training Research 
Center, Lowry Air Force Base, Denver, Colorado. 
Reproduction in whole or in part is permitted 
for any purpose of the United States Gov- 
ernment. 


pothesis is that tracking proficiency is 
unaffected by target brightness except 
at a point where the target border and 
background cannot be readily dis- 
criminated. Acquisition of tracking 
was studied at each of six brightness 
levels within the range of 697 mL to 
0028 mL. The latter value is just 
above the threshold of visibility of 
the target. Transfer trials employing 
the brightest target were given in 
order to determine how performance 
at this level is affected by prior 
practice on the lower levels of target 
brightness. 

The effect of target speed was also 
investigated to determine whether 
speed is a significant variable in 
tracking proficiency and whether it 
has a differential effect upon pro- 
ficiency at different levels of target 
brightness. If tracking is considered 
a discrete set of movemerts, i.e., S 
overtakes the target, passes it, returns, 
etc., then it may be hypothesized that 
this pattern of movement would allow 
S to be on target more consistently for 
a slow speed than for a faster speed. 
Moreover, because of the possible 
differences in visibility of the target 
at different levels of brightness, there 
may be an interaction between target 
speed and target brightness. 


METHOD 


Apparatus—The apparatus used was the 
Pedestal Sight Manipulation Test, hereafter 
referred to as the PSMT. The two PSMT’s 
used in this study are the Mast modification (8) 
of the Type B apparatus described by Melton 
(6). They were located in the same room but 
separated by a partition. 

A brief description of the apparatus is given 
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as follows. The image of the front view of an 
airplane is projected upon a screen in a darkened 
room. The image moves across the screen, 
changing in elevation, wingspan, and in the 
inclination of the axis of the wingspan. An in- 
terpretation of the latter two movements is that 
the plane is changing in range and bank, re- 
spectively. The S manipulates a sight by grasp- 
ing one side of it with each hand, and moving it 
from side to side, and up and down. There is a 
ring of dots and a center dot projected from the 
sight, and S’s task is to keep the center dot on 
the nose of the plane while he keeps the diameter 
of the ring of dots equal to the wingspan. The 
size of the reticle is changed by rotation of the 
range knob which S grasps with the fingers of 
his right hand. The screen is 60 in. high and 
93 in. wide. 

Subjects.—There were 96 male Ss, all students 
at the University of Wisconsin. Each was paid 
85 cents per practice session. 

Procedure.—In preliminary investigation, the 
brightness at which “something” could be seen 
was ascertained. This threshold was obtained 
by inserting filters of various densities in front 
of the projector. Six brightness levels were then 
chosen for the experiment, ranging from the 
filter level of 5.4 log units, which was approxi- 
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mately the threshold of visibility, to the bright- 
ness level where no filter was used. Four 
intermediate values were also employed. The 
six target brightness values are 697 mL, 6.97 mL, 
.0697 mL, .00697 mL, .0044 mL, .0028 mL. 
Each of six equal-sized groups practiced at one 
of the six brightness levels. The groups are 
numbered 1 through 6, in order of decreasing 
brightness. There are more values at the lower 
brightness levels since one of the hypotheses 
tested is that tracking proficiency is not affected 
until a point where there is practically no con- 
trast. Because the brightness level for Groups 
4, 5, and 6 was low, Ss were required to dark 
adapt for approximately 10 min. before entering 
the darkened experimental room. 

Each S practiced for five consecutive days at 
the brightness level to which he was assigned. 
A trial is defined as a series of eight flights. 
Each day S had eight trials with a l-min. rest 
after Trials 1, 2, and 3, a 5-min. rest after Trial 4, 
and a 1-min. rest after Trials 5,6, and 7. One- 
half of each brightness group was assigned to 
each PSMT. Speed was orthogonal to both 
apparatus and brightness. The time for the 
simulated airplane to cross the screen at the 
slow speed was approximately 6.7 sec., and for 
the fast speed approximately 4.4 sec. The Ss 
were assigned randomly with the limitation that 
the two Ss finishing together on the fifth day 
have the same speed. Following a 2-min. rest 
after Trial 8, S was given two additional transfer 
trials on the fifth day at the highest brightness 
level. There was a l-min. rest between the two 
trials. The E recorded time-on-target scores 
for each trial for azimuth (A), elevation (E), 
range (R), azimuth and elevation (AE), and 
azimuth, elevation, and range (AER). The 
scoring area for range was 16 mils, or approxi- 
mately 17g in. The scoring areas for azimuth 
and elevation were 20 mils, or approximately 
1; in. “Calibration was done every third day 
in order to maintain the above scoring areas. 

The instructions were given to S only on the 
first day. They read as follows: “This is a test 
of your ability to use a B-29 Pedestal Gunsight. 
Notice that the sight reticle (E demonstrates) 
has been projected upon the screen. Observe 
the center dot. The ring of dots gets larger as 
this outer knob is turned forward (E demon- 
strates) and smaller as it is turned backward 
(E demonstrates). Your job will be to keep the 
center dot on the nose of an airplane while you 
keep the ring of dots the same size as the plane’s 
wingspan. By grasping the left knob -(E 
demonstrates) the sight can be moved from side 
to side (E demonstrates), and up and down 
(E demonstrates). Your score will be the total 
amount of time you keep the center dot on the 
nose of the plane while you keep the ring of dots 
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the same size as the plane’s wingspan. You will 
have several series of attacks with the plane 
starting alternately from the right and left of 
the screen. Kneel on the bench. You will be 
able to score only when the plane is moving. 
When the red light on your left goes on, that 
signifies the end of a series of attacks. You are 
then to let go of the sight and relax. Shortly 
after the red light goes off, the plane will again 
go across the screen. Please do not talk to the 
other person in the room. You will have a 
minute rest after the first three series of eight 
flights, then a 5-min. rest after the fourth 
series, and a minute rest after each of the next 
series.’ 

Either following their first day of practice, or 
on the second day, Ss were told the meaning of 
the clock scores. They were given knowledge of 
results in order to promote efficient learning. 


RESULTS 


Figure 1 presents the acquisition 
curves for the different target bright- 
ness values for the AE and AER 
scores for each speed. The scores are 
given as percentages of maximum 
possible time on target. Since the 
results for the A, E, and R scores are 
quite similar to those for the AE and 


AER scores, only the latter two scores 
were analyzed. It should be noted, 
however, that comparison of the A 
and the E scores shows that a higher 
level of proficiency is attained in 
elevation than in azimuth tracking. 
When the A, E, and AE scores are 
inspected, it is observed that Ss were 
often on target in either azimuth or 
elevation, but not both. This latter 
effect exists especially for the groups 
performing at the lower levels of 
target brightness. 


Separate analyses were performed on the AE 
and AER scores for both speeds. The assump- 
tion of homogeneity of variance was tested for 
each set of scores by Bartlett’s test (4). This 
assumption was rejected for all of the scores, 
using the 5% level of confidence. A logarithmic 
transformation was performed, and the as- 
sumption of homogeneity of variance was again 
tested. It is rejected for both of the AER 
scores and the AE slow speed score, using the 
5% level of confidence. For each of the four 
sets of scores, the logarithmic transformation 
greatly reduces the x? value. Norton (5) has 
found that the effect of nonhomogeneity is not 
of great importance unless the nonhomogeneity 














TABLE 1 
Summaries oF THE MopiFiep ALEXANDER TREND TESTS FOR ALL Scores 
AE AER AE AER 
Spnsee df |\Vi* Slow Slow Fast Fast 
Speed F Speed F Speed F Speed P 
Score Score Score Score 
MS MS M. M. 
1. IDFE 108 2,848 4,426 2,502 4,975 
2. GDFE 
a. Apparatus 1 1,047; 0.36 1,638 | 0.37 740 0.29 6,634 1.33 
b. Brightness 15; 1 7,920 2.78* 12,038 2.72* 5,293 2.12 2,997 0.60 
c. AXB 15}; 1 5,071 1.78 3,212 0.73 2,147 0.86 3,489 0.70 
3. BGM 
a. Apparatus 1} 7 796,608 | 15.19* 4,284| 0.06 35,042 1.05 74,167 1.60 
6b. Brightness §| 7 13,662,920 |260.49* | 11,049,792 |153.35*| 7,630,763 229.36* |5,710,111 | 122.90* 
c AXB 5| 7 93,473 1.78 64,810 0.90 51,417 1.55 101,985 2.19 
4. BGS 
a. Apparatus 1| 8 1,864; 0.34 1,191 0.08 6,042 1.26 7,71 1.55 
b. Brightness 5| 8 15,990 2.94 . 5.86* 34,583 7.22* | 113,872| 22.89* 
c AXB 5| 8 7,655 1.41 3,834) 0.25 8,409 1.76 9,898 1.99 
5. ODFL 3] 1 27,362 9.61* 36,941 8.35* 18,559 18, 37.07* 
6. OS 1; 1 794,139 |278.84* ,834 |188.62* |57,602,442 |23,022.56* | 683,502 | 137.39* 
7. BIM 36; 1 52,450 | 18.41* 72,055 | 16.28* 33,270 46,463 9.77* 
8. BIS 36} 1 433 1.91* 15,069 3.40* 4,791 1.91* 7,200 1.45 






































* Significant at .01 level. 
** Denominator in F ratio. 
+ 1.0 for the AER fast 


speed score 
Note.—IDFE = individual deviations from estimation; GDFE = group deviations from estimation; BGM 


= between group means; BGS = between group slopes; 


ODFL = over-all deviation from linearity; OS = over-all 


slope; BIM = between individual means; BIS = between individual slopes. 7 
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TABLE 2 


Summary oF ANALYsis OF VARIANCE FoR THE AE anp AER Scores 
witH CONVERTED Stow Speep Score 
































AE AER 
Source of Variation df 
Mean Square F Mean Square F 

Brightness 5 18,512,212 502.78* 13,715,658 259.80* 
Speed 1 »733,404 47.08* 1,223,110 23.19* 
Apparatus 1 483,984 13.14* 40,73 0.77 
Brightness X Speed 5 253,618 6.89* 192,911 3.65* 
Brightness X Apparatus 5 58,678 1.59 142,974 2.86 
Apparatus X Speed 1 185,642 5.04 33,601 0.64 
AXBxXS 5 47,671 1.29 8,029 0.15 
Between Ss within groups 72 36,820 52,793 

Trials 4 348,777 124.12* 400,626 9.76* 
Trials X Brightness 20 17,104 6.09* 51,778 1.26 
Trials X Apparatus 4 2,614 0.93 6,288 0.15 
Trials X Speed 4 602 0.02 3,758 0.09 
TXBXA 20 3,007 1.07 6,313 0.15 
TXBxS 20 4,731 1.68 3,789 0.09 
TXAXS 4 596 0.02 4,123 0.10 
TXAXSXB 20 4,568 1.62 4,035 0.10 
Ss pooled within trials 288 2,810 41,032 

exists in great magnitude. In order to com- gcore. The BIS mean square is 


pensate for the possible effect of nonhomogeneity 
of variance, the 1% level of significance is 
adopted for all subsequent tests. This con- 
fidence level is regarded as equivalent to the 5% 
level normally employed. 


An extension of the Alexander 
Trend Test which provides for con- 
sideration of two variables (1) was 
performed on each of the four trans- 
formed sets of scores. Table 1 sum- 
marizes the results of the analyses 
performed on the AE slow speed, AER 
slow speed, AE fast speed, and AER 
fast speed scores. 

The BIM mean square is tested 
against the IDFE mean _ square. 
This test was done in order to deter- 
mine the appropriate error term to 
test the BGM mean square. In all 
four analyses, the BIM mean square 
is significant. The BGM mean 
square for brightness was found 
significant in all four analyses when 
tested with the BIM mean square. 
The BGM mean square for apparatus 
was significant for the AE slow speed 


tested against the IDFE mean square 
in order to determine the appropriate 
error term to test the BGS mean 
squares. For all scores except the AE 
slow speed score, the BGS mean 
square for brightness was significant. 
The GDFE mean square for bright- 
ness is significant for the AE and AER 
slow speed scores. The OS mean 
square and the ODFL mean square 
are significant for all four analyses. 
The Duncan range test (3) was 
applied in order to determine which 
brightness group means differed sig- 
nificantly from each other. The tests 
indicate that no significant difference 
exists between the means of Groups | 
and 2. It is also found that for all 
scores except the AER fast speed 
score, Group 3 differs significantly 
from all other groups. In all scores 
except the AER fast speed score, 
Groups 4, 5, and 6 do not differ 
significantly from each other. 
Because the fast speed airplane was 
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on the screen for .66 of the time that 
the slow speed airplane was on the 
screen, the raw scores for the slow 
speed were multiplied by .66 in order 
to make the measures of the two 
speeds comparable with respect to the 
maximum possible time on target. 
A logarithmic transformation of both 
the AE and AER scores was per- 
formed, and an analysis of variance 
was completed on each of these sets of 
scores (4). These analyses are pri- 
marily concerned with whether or not 
there is a significant difference be- 
tween speeds and are summarized in 
Table 2. The results indicate there 
is a significant difference between 
speeds for both the AE and AER 
scores. The brightness groups by 
speed interaction is also significant 
for both scores. There is also a 
significant difference between trials 
and between brightness groups for 
each score. The trial by brightness 
group interaction is significant for the 
AE scores, as is the difference between 
apparatus groups. 

Figure 2 depicts tracking proficiency 
as a function of brightness level. The 
group mean AE and AER scores for 
the fifth practice session are plotted 
for each speed. Analysis of these 
curves was performed in the manner 
outlined by Snedecor (7). This pro- 
cedure provides a method of determin- 
ing whether the function deviates 
significantly from linearity. The re- 
sults show that for all four sets of 
scores the deviation from linearity 
mean square is significant. Because 
a significant practice session by bright- 
ness group interaction was previously 
found significant for the AE scores, 
the test was carried out on the first, 
second, third, and fourth practice 
sessions for the AE scores. The de- 
viations from linearity mean square is 
significant in each of these analyses. 
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Fic. 2. Terminal tracking performance 
as a function of target brightness and target 
speed. 


The shape of the function is approxi- 
mately the same for all five days. 
The results of the two transfer trials 
are shown in Fig. 3 where percentage 
mean time on target is shown as a 
function of brightness level for all four 
sets of scores. The dotted line repre- 
sents the reference for the measure of 
transfer and is the mean of the first 
two trials of Group 1 on the first day. 
The score for this group and the mean 
transfer scores of Groups 2, 3, 4, 5, and 
6 were analyzed by a simple between- 
within analysis of variance. The be- 
tween group mean square is significant 
for all four sets of scores. A Duncan 
range test was applied to determine 
which groups show a significant 
amount of transfer. Group 2 shows 
significant positive transfer for all 
scores. Group 3 shows significant 
positive transfer for all scores except 
the AE fast speed score. Groups 4, 
5, and 6 do not show a significant 
amount of positive transfer except for 





242 


---- CONTROL GROUP SCORE 
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Fic. 3. Transfer of tracking performance 


as a function of training target brightness and 
target speed. 


the AE slow speed score for Groups 
4 and 6. 

Another measure of transfer may be 
obtained by comparison of the per- 
formance of the group which practiced 
at the brightest level with the per- 
formance of the groups which practiced 
at the other brightness levels. This 
comparison is made in Fig. 3 for each 
of the four scores by comparing the 
point for Group 1 (approximately log 
3 mL, on the graph) with each of the 
other points, Groups 2, 3, 4, 5, and 6 
(approximately log 1 mL, log 1 mL 
log 2 mL, log 3.8 mL, and log 3.6, 
respectively). A Duncan range test 
for each of the four scores was per- 
formed to determine which groups 
differed significantly from Group 1. 
The results of the analyses show that 
for the AER slow speed score Group 
1 does not differ significantly on the 
transfer trials from Groups 2 and 3. 
Group | does differ significantly from 
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Groups 4, 5, and 6. For the fast 
speed scores and the AE slow speed 
scores, Group 1 does not differ 
significantly from Group 2 on the 
transfer trial, but does differ signifi- 
cantly from Groups 3, 4, 5, and 6. 


Discussion 


The results of the Alexander Trend 
Tests and the subsequent Duncan range 
tests will be discussed first. The signifi- 
cant difference between brightness groups 
slopes (see Fig. 1) indicates that the rate 
of learning is faster for the groups prac- 
ticing at the higher brightness levels. 
The over-all deviation from linearity was 
found significant, which indicates that 
the over-all acquisition curve is not 
linear. The significance of the groups 
deviation from estimation term in two of 
the four scores indicates that the bright- 
ness groups differ significantly about 
their own regression line. The signifi- 
cance of the between brightness groups 
mean square and the Duncan range tests 
demonstrates that the groups fall into 
three brackets, namely, Groups 1 and 2, 
Group 3, and Groups 4, 5, and 6. These 
results indicate that tracking perform- 
ance decreases as target brightness de- 
creases, but only for large decrements in 
brightness. 

The analyses of the data presented in 
Fig. 2 indicate that there is a significant 
deviation from linearity when perform- 
ance is considered as a function of 
brightness level. From these analyses 
and from inspection of Fig. 2, it is ob- 
served that tracking proficiency increases 
in a curvilinear manner as target bright- 
ness increases. This statement applies 
to the brightness values used in this 
experiment. For all stages of practice, 
it is noted that the hypothesis which 
states that tracking proficiency will 
increase in a curvilinear manner as target 
brightness increases is substantiated by 
this experiment. For levels of bright- 
ness higher than those used in this experi- 
ment, tracking proficiency would be 
expected to increase relatively little. 
This is ascertained by inspection of Fig. 2 
where it is observed that performance 
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appears to be reaching an asymptotic 
value at the higher brightness levels; and 
this is also apparent when the lack of 
significant difference in performance be- 
tween Groups 1 and 2 is considered. 
For extremely high values of brightness, 
performance would be expected to de- 
crease. This decrease would be due to 
the inability of S to track a target of 
great brilliance. 

There is a significant difference be- 
tween target speeds. This difference is 
obtained when the slow speed score has 
been made equivalent to the fast speed 
score with respect to maximum possible 
time on target. The following hy- 
pothesis is offered to account for the 
difference between target speeds. When 
the plane moves across the screen, S’s 
movements may be such that he over- 
takes the target, passes it, returns, over- 
takes it, etc. His movements then be- 
come less variable about the plane as it 
crosses the screen. If this is the case, 
then it follows that S will be on a slow 
target plane more consistently than on a 
fast target plane. This effect may be 
greater at the higher brightnesses, since 
at the lower brightness S has the addi- 
tional problem of sighting an extremely 
dim plane. The significant brightness 
group by speed interaction may be at- 
tributed to this effect. 

Both analyses on the transfer data 
indicate that practice at the lower bright- 
ness levels is ineffective when S is tested 
at the highest brightness level, since the 
transfer scores of Groups 4, 5, and 6 do 
not differ significantly trom the first two 
trials of Group 1 on Day 1, and Groups 
3, 4, 5, and 6 differ significantly from 
Groups 1 and 2. Evidently the time 
spent in practice is not so important as 
the condition under which practice takes 
place. 

SUMMARY 
Tracking proficiency was studied as a function 


of target brightness. Six’ groups of 16 Ss 
practiced for five sessions at one of six levels of 


target brightness. The brightness values were 
697 mL, 6.97 mL, .0697 mL, .00697 mL, .0044 
mL, and .0028 mL. One-half of each group 
practiced at one of two speeds. Two terminal 
transfer trials were given with the brightest 
target. The results show acquisition scores to 
fall into three brackets. The two groups 
practicing at the two brightest targets do not 
differ significantly from each other. The group 
practicing at the third highest brightness differs 
significantly from all other groups. The groups 
practicing at the three lowest brightnesses do 
not differ significantly from each other. Fur- 
ther analysis indicates that as target brightness 
increases tracking proficiency increases in a 
curvilinear manner. There is a_ significant 
difference between speeds in favor of the slower 
speed, and the brightness speed interaction is 
significant. The transfer trials indicate that 
practice at the lowest brightness level is in- 
effective compared to practice at the higher 
brightness values used. 
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EFFECT OF FREQUENCY OF TARGET 
INTERMITTENCE UPON TRACKING! 


W. F. BATTIG, JAMES F. VOSS, AND W. J. BROGDEN 


University of Wisconsin 


Battig, Gregg, Nagel, Small, and 
Brogden (1) have reported a study on 
tracking and frequency of target 
intermittence. The attempt was 
made to determine the function be- 
tween proficiency of tracking and fre- 
quency of intermittent presentation 
of the target at .4, .7, 1.0, 2.1, 4.1, 
6.0, and 8.2 cps and a steady state 
condition. Unfortunately, limitations 
of the light flash generator used to 
present the intermittent target condi- 
tions made it impossible to provide 
the desired 50/50 light-dark ratio at 
all frequencies. Serious deviation oc- 
curred at frequencies of .4 and .7 cps. 
In addition, the brightness of the 
target was not constant but decreased 
as frequency of intermittence in- 
creased. In spite of this confounding 
of variables, there was evidence sup- 
porting the hypothesis that proficiency 
of tracking varies as a function of 
frequency of target intermittence. 
There also was the possibility that, at 
the lowest frequency, tracking per- 
formance was poorer than at any 
other condition. As frequency of 
intermittence increased, tracking pro- 
ficiency increased to a maximum at 
6-8 cps, but declined at the steady 
state condition. 

The present studies eliminate the 
confounding of light-dark ratio and 
target brightness with frequency of 


1 This research was supported in part by the 
United States Air Force under Contract Number 
AF 33(038)-23294 monitored by the Armament 
Systems Personnel Research Laboratory, Air 
Force Personnel and Training Research Center, 
Lowry Air Force Base, Denver, Colorado. Repro- 
duction in whole or in part is permitted for any 
purpose of the United States Government. 


target intermittence. 


Light-dark 
ratio was maintained at the desired 
proportion of 50/50 and target bright- 
ness was .548 mL for each of the 


target conditions. The frequencies 
are 2, 4, 6,8, 10,12, and 14 cps. The 
brightness of the steady state condi- 
tion (16 cps, just above fusion fre- 
quency) was also .548 mL. These 
values of the independent variable are 
different from those of the earlier 
study. Frequencies of 1 cps and less 
were not included in the present 
experiments. From the earlier study, 
it appears that tracking proficiency at 
these frequencies is considerably below 
the level of proficiency for a steady 
state target. If tracking proficiency 
is greater for some frequency of target 
intermittence than for the steady 
state target, the results of the earlier 
experiment indicate that it will occur 
within the range of 6-14 cps. The 
frequencies for the present experi- 
ments were selected so that deter- 
mination might be made of the 
position of the optimum effect of 
intermittent presentation of the target 
on tracking, if such an effect does 
occur. Increments of 2 cps were used 
so that the nature of the function 
might be obtained by application of 
orthogonal polynomials to the data. 
Two experimental designs were used. 
For the first, different Ss performed 
the tracking task at each one of the 
eight conditions. With the task em- 
ployed, however, individual differ- 
ences are large and the simple factorial 
design, therefore, is lacking in pre- 
cision. For this reason, in the second 
design, an 8 X 8 latin square was used 
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in order to control the effect of 
individual differences and increase the 
precision of experimentation. 


APPARATUS AND PROCEDURE 


The Mast modification of the Pedestal Sight 
Manipulation Test (PSMT) was used in the 
present study (8). A slight change of this ap- 
paratus was necessary in order to provide for 
control of the frequency of intermittent target 
presentation by an electronic flash generator. 
The circuits and operation of this instrument 
have been described by Roush and Hamburger 
(5). A Sylvania Type R-1131C glow modulator 
tube replaced the standard bulb in the projection 
unit of the PSMT. Controls on the generator 
provide for continuous variation of frequency 
and light-dark ratio. Since minimum target 
brightness occurred at 14 cps, the brightness of 
the target at the other frequencies was adjusted 
to its value of .548 mL. This required pre- 
liminary experimentation in which the authors 
served as both E and S. Because of the direc- 
tional character of the Scotchlite surface of the 
PSMT screen, it was not possible to make direct 
readings of target brightness with a Macbeth 
illuminometer. A circular plate of milk glass 
was illuminated by a light source, the intensity 
of which could be varied. It was placed ad- 
jacent to the target and each of the three Ss 
adjusted the brightness of the milk glass surface 
until it equaled the brightness of the target 
for each of the frequencies and for the steady 
state condition. Since there were no significant 
differences between Ss, the data were pooled and 
were analyzed by analysis of variance and by the 
Duncan range test (2). No statistically signifi- 
cant differences were obtained between the 
brightness match for 14 cps and the matches for 
8,10, and 12 cps. The brightness of the steady 
state condition (16 cps) was found to be signifi- 
cantly less than that for 14 cps, and those for 2, 
4, and 6 cps were found to be brighter. It was 
possible to increase the duration of the light 
phase so that the brightness of the steady state 
target at 16 cps was equal to the brightness of 
the target at 14 cps. Macbeth readings of the 
brightness of the matches made it possible to 
designate these target brightnesses in mL and 
to compute the density of filters needed to 
provide a brightness of .548 mL. Filters with 
values of .2, .15, and .1 log density were placed 
in the projection system to reduce the brightness 
of the target to .548 mL at 2, 4, and 6 cps, 
respectively. 

The scoring area was set at 25 mils (1.5 in.) 
for both azimuth and elevation. The range 


band was set at 20 mils (1.0 in.). Standard 
Electric clocks were used to record time-on- 
target scores in seconds for azimuth (A), 
elevation (E), and range (R), for azimuth and 
elevation (AE), and for azimuth, elevation, and 
range (AER). Thus five separate measures of 
tracking proficiency were obtained. 

The 80 Ss were male undergraduate students 
at the University of Wisconsin. In Exp. 1, 
each S was assigned at random to one of eight 
groups, a group representing a single condition 
of target presentation. The eight groups were 
built up simultaneously. Each S received eight 
trials in one practice session of approximately 
}-hr. duration. A trial is made up of a standard 
sequence of eight flights of the target plane 
across the screen. The intertrial interval was 
30 sec., except that between the fourth and fifth 
trials the interval was 2 min. 

Experiment 2 used an 8 X 8 latin square. 
Two Ss from each of the eight groups of the 
first experimental design were selected and 
assigned at random to each of the eight se- 
quences of target conditions. Two trials were 
given for each condition and the interval be- 
tween them was 30 sec. The interval between 
pairs of trials, i.e., different target conditions, 
was 2 min. The single practice session lasted 
for approximately 1] hr. 

For Exp. 1, the instructions described the 
pedestal sight and its controls, and E demon- 
strated to S how to track and frame. Scoring 
was explained and S was informed that the 
target might go on and off intermittently. He 
was instructed to continue movement of the 
sight and range knob in anticipation of the 
course of the target. The S was given practice 
in manipulating the sight and, after the kneeling 
platform was adjusted and any questions 
answered, the experiment was begun. The E 
left the experimental room to operate the control 
apparatus. For Exp. 2, S was reminded of the 
previous instructions and was told of the new 
experimental conditions involving different fre- 
quencies of target intermittence. 

In general, Ss were tested during the morn- 
ings between 8:00 a.m. and 1:00 p.m., and in the 
evenings between 6:30 p.m. and 10:30 p.m. 
About half the Ss in each experiment were run 
at each of these two times. The three Es were 
not orthogonally represented in either of the two 
experimental designs and different numbers of 
Ss were run by each one depending upon 
schedule of other duties. Calibration checks of 
the azimuth and elevation scoring area and of 
the range band were made before each morning 
session and each evening session of the ex- 
periment. 








246 


RESULTS 


The group means of time-on-target 
tracking performance in terms of A, 
E, R, AE, and AER were computed 
for each of the eight target conditions 
for each experiment and graphic plots 
were made. Since the form of the 
functions for each of the five measures 
is very similar, no further analysis of 
the A, E, and R measures was con- 
ducted. Figure 1 presents a plot of 
the group mean AE and AER per- 
formance as a function of intermittent 
presentation of the target for both 
experiments. Table 1 gives a sum- 
mary of the results of analysis of 
variance of the AE and AER data of 
Exp. 1 and 2. The assumption of 
homogeneity of variance for the data 
of Exp. 1 was verified by Bartlett’s 
test (3). Only the F ratio for the 
AE measures, however, is significant 
at the 5% level of confidence. For 
Exp. 2, the procedure for analysis of 
variance follows Grant (4). Target 
conditions is a significant source of 
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variation for both the AE and AER 
data. The only other significant 
source of variation is that for Ss within 
sequences. This occurs for both the 
AE and AER data and indicates 
significant individual differences be- 
tween Ss. 

The results of analysis of variance 


show that there are significant differ- 


ences in mean AE performance as a 
function of frequency of intermittent 
presentation of the target for both 
Exp. 1 and 2, and for mean AER 
performance for Exp. 2. More pre- 
cise information about these functions 
may be obtained by the use of Dun- 
can’s range test (2) and of orthogonal 
polynomials (6). The results of the 
Duncan range test need not be given 
in: detail. They indicate significant 
differences between mean performance 
as the frequency of intermittent 
presentation of the target increases. 
In no case where there is a decrement 
in performance with an increase in 
frequency (including the steady state 
condition) is the difference statis- 
tically significant. For each of the 
four sets of data, including the AER 
data of Exp. 1, the application of 
orthogonal polynomials reveals a 
significant linear component. In no 
case are any higher order components 
of significance. 

Since the above analyses establish 
the linearity of the obtained functions, 
straight line regression equations were 
computed by the method of least 
squares. These equations are: y 
= .71x + 28.59 for AE, Exp. 1; 
y = .77x + 37.41 for AE, Exp. 2; 
y = .62x + 20.10 for AER, Exp. 1; 
and y = .78x + 23.73 for AER, Exp. 
2. These equations have been plotted 
in Fig. 1. 

Discussion 


The results of the present experiments 
provide no reliable evidence that tracking 
proficiency is at an optimum level at 
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icant 
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Experiment 1 
en. 1. Between groups 7 3419.2 3.92" 2570.6 1.47 
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both 
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f the experiment favor this interpretation of tween 2 and 14 cps. With extension to 
AER their results. Further support of this include the steady state condition, the 
mn of interpretation comes from a recent study least square regression equations provide 
oe by Voss (7) that shows tracking profi- an adequate quantitative expression of 
i di ciency to decrease with decrease in the the functional relation of tracking pro- 
brightness of the target. His results, ficiency and frequency of intermittent 
nents however, indicate that a substantial presentation of the target. Slope ap- 
. change in brightness (greater than 1 log pears to be very nearly the same, no 
ablish mL) is required to produce a significant matter what the other conditions. The 
tions, difference in tracking performance. jy intercept, however, is smaller for AER 
; were Since the difference in brightness at 8.2 than for AE, reflecting no doubt the 
least cps and the steady state condition was relatively greater difficulty of AER per- 
e: y less than 1 log unit in the experiment by formance. The y intercept is less for 
‘ey i Battig, Gregg, Nagel, Small, and Brog- Exp. 1 than for Exp. 2, and this un- 
2: den, there is the possibility that the doubtedly reflects a practice effect, since 
P- 1. increment in tracking performance at 8.2 the Ss of Exp. 2 had previously per- 
im oe cps over the steady state condition may formed in Exp. 1. These results suggest 
Exp. be a function of both the intermittent that the slope of the function is indepen- 
lotted presentation of the target and the greater dent of the particular measure of track- 
target brightness. The unreliable nu- ing and of amount of practice, but that 
merical superiority of tracking perform- each is an important parameter in 
ilies ance at some frequency of intermittent determining the y intercept. ; 
ching presentation of the target over that of It should be noted that regression 
all ‘on the steady state target for all conditions equations of Exp. 2 provide for a better 
of the present experiment except the fit of the empirical data than do the 
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regression equations fitted to the data of 
Exp. 1. This may be due to the greater 
amount of practice had by the Ss in 
Exp. 2. It may also be a function of the 
experimental design. The latin square 
makes it possible to control individual 
differences and provides greater efficiency 
in experimentation in that a smaller 
number of Ss may be used. Although 
the present study is not a precise test, 
the results do support the theoretical 
greater efficiency of the latin-square 
design (4). 

Finally, comment should be made of 
the significance of the results of the 
present experiments in relation to track- 
ing behavior during flight of the target. 
For the conditions of intermittent pres- 
entation, the target is observed by S 
for only half the time of its flight, no 
matter what the frequency of intermit- 
tence. As frequency is increased from 
2 to 14 cps, the duration of each pres- 
entation of the target and of each dark 
phase is decreased. Thus, as frequency 
increases, the course of the target is 
better defined and S is better able to 
learn the target courses and move the 
sight in anticipation of movement of the 
target. More frequent information is 
also available to S about the accuracy of 
his tracking. He, therefore, is better 
able to reduce his error and increase his 
time-on-target score. It is these fea- 
tures of intermittent presentation of the 
target that probably are responsible for 
the obtained functions between tracking 
proficiency and frequency of intermittent 
presentation of the target. 


SUMMARY 


Measures of proficiency of tracking on the 
Pedestal Sight Manipulation Test were ob- 
tained at frequencies of intermittent target 
presentation of 2, 4, 6, 8, 10, 12, and 14 cps 
and a steady state condition above fusion (16 
cps). The brightness of the target was held 
constant for all conditions at .548 mL and the 
light-dark ratio for each of the frequencies was 
50/50. ‘Two experiments were performed. In 
one, ten Ss each received eight trials of practice 
for one of the eight conditions of target pres- 
entation. In the other, two Ss were selected 
at random from each of the eight groups of the 
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first experiment and these 16 Ss received two 
trials of practice on each of the eight target 
conditions as determined by an 8 X 8 latin 
square. 

Although measures of tracking proficiency 
were obtained for azimuth (A), elevation (E), 
range (R), azimuth and elevation (AE), and 
azimuth, elevation, and range (AER), because of 
the similarity of results over these separate 
measures, only the AE and AER data were 
analyzed completely and presented. Analysis 
of variance demonstrated a significant effect of 
frequency of intermittent presentation of the 
target on tracking. Further statistical analysis 
revealed the relations to be linear, tracking 
proficiency increasing with increase in frequency 
of intermittent presentation of the target. 
Least-square regression equations were fitted 
separately to the AE and AER data for the two 
experiments. Although slope is essentially the 
same for the several conditions, the y intercept 
differs as a function of the measure of tracking 
(AE vs. AER) and of amount of practice (Exp. 
1 vs. Exp. 2). The results are discussed 
especially in relation to those of a prior experi- 
ment by Battig, Gregg, Nagel, Small, and 
Brogden. 
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THE FREQUENCY RESPONSE OF SKILLED SUBJECTS 
IN A PURSUIT TRACKING TASK! 


MERRILL NOBLE, PAUL M. FITTS, AND CLAUDE E. WARREN 
The Ohio State University 


Frequency response functions are 
widely used in specifying the func- 
tional characteristics of physical sys- 
tems. Such functions indicate the 
amplitude and phase relations be- 
tween input and output for sinusoidal 
input signals of different frequencies. 
Human response capabilities can be 
specified in a similar manner. By 
systematically increasing the fre- 
quency of a sinusoidal stimulus motion 
E can study factors involved in the 
breakdown of the ability to perform a 
continuous tracking task as the tem- 
poral relation between stimulus and 
response becomes more and more 
critical. The use of a sinusoidal stim- 
ulus motion appears to rest on a sound 
physiological basis since Fenn has 
pointed out that in rapid oscillatory 
arm motion “evidently the central 
nervous system ‘deals out’ excitation 
to the appropriate muscles according 
to a sine wave pattern .. .” (6, p. 


172). It should be emphasized, how- 


ever, that a sinusoidal target motion 
is highly coherent and thus the human 
frequency response obtained with this 
type of stimulus reflects S’s ability to 
cope with a predictable time-varying 
function. 
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In most physical systems the output 
amplitude decreases after some critical 
input frequency is reached. Maxi- 
mum output amplitude often occurs 
at some intermediate frequency, 
known as the resonant frequency of 
the system. Input and output phase 
relations, however, vary widely from 
one physical system to another. 

The results of several studies (8, 9, 
10, 12, 13), in which only a few 
selected frequencies of target motion 
are used, indicate that human track- 
ing performance tends to become 
worse as the frequency or average 
velocity of the response has to be in- 
creased. Graphic error records of un- 
skilled Ss for 30- and 90-cpm input 
frequencies obtained in earlier studies 
with the present apparatus (8, 13) 
indicate that as frequency is increased 
response movements become smoother 
within a single cycle but show greater 
variability from cycle to cycle, and 
exhibit higher peak accelerations. 
With increased practice, responses at 
all frequencies exhibit smaller peak 
accelerations, are smoother through- 
out a cycle, and are less variable from 
cycle to cycle. Ellson and Gray (4) 
and Ellson and Wheeler (5), employ- 
ing a pursuit tracking task, fre- 
quencies ranging from 30 to 240 cpm, 
and moderately skilled Ss, found no 
significant reduction in amplitude of 
graphic records at higher frequencies; 
instead, the records indicated a loss 
of stimulus-response synchronization 
at higher frequencies. After loss of 
synchronization most Ss maintained 
an output frequency that was some- 
what higher than that of the input. 
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Muscle action potential records re- 
vealed relatively lower amplitude at 
certain frequency ranges indicating a 
possible region of resonance. Nocon- 
sistent phase shift pattern was dis- 
covered. 

In the present investigation quanti- 
tative measures of tracking error in 
addition to sample graphic records 
were taken for a range of target fre- 
quencies between 10 and 240 cpm. 
Highly practiced Ss were employed 
in order to provide a stable estimate 
of the frequency response which can 
be attained with extensive practice. 
Over-all tracking efficiency was eval- 
uated by means of the quantitative 
scores; phase and amplitude changes 
were analyzed by use of the graphic 
records. 


METHOD 
Apparatus 


An electronic tracking apparatus (14) was 
used. Essentially, it consists of (a) a problem 
generator which provides a continuous target 
signal, (b) a 5-in. cathode ray tube (CRT) 
upon which S can observe a target line and his 
own response or cursor line, (c) an arm control, 
(d) scoring and recording units, and (¢) a 
programming unit. 

The display.—The target appeared as a line 
18 mm. long and .5 mm. wide which moved 
horizontally across the center of the CRT 
display. The cursor had the same dimensions 
and was displaced 10 mm. below the target. 
Thus, when the target and cursor were super- 
imposed they formed a single line 28 mm. long 
with an 8-mm. region of overlap. A _ short- 
persistence P-11 phosphor CRT was used. The 
surface of the CRT was approximately 28 in. 
from S’s eyes, 10° below eye level, and perpendic- 
ular to the line of regard. The booth in which 
the display was located was dimly illuminated, 
and specular reflection from the CRT was 
eliminated by means of polaroid filters. Target 
and cursor lines were painted on the display 
alternately by a 200-cps time-sharing switch. 
Because of the high rate of time sharing, no 
stroboscopic effect was apparent except at very 
high rates of cursor movement. At extreme 
rates the cursor appeared to move in discrete 
steps. 

The control—The S sat in a chair which 
could be adjusted for height. The élbow of his 
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right arm rested upon the pivot point of a hori- 
zontal lever, and his fingers grasped an adjust- 
able knob on the end of the lever. Attached to 
the control was a potentiometer. The voltage 
across this potentiometer determined the posi- 
tion of the cursor on the CRT. 

Tracking problem.—The output of the prob- 
lem generator caused the target line to move 
back and forth in the horizontal plane on the 
CRT. The time course of this motion was a 
simple sine wave. The amplitude of target 
movement was .5-in. (1.02° of visual angle) 
displacement of the target on either side of the 
center of the CRT. The amplitude of control 
movement required to move the cursor a 
corresponding amount was 10° to either side of 
the center position of the control, measured in 
degrees of rotation around the pivot point below 
the elbow. The Ss were instructed to move the 
arm control so as to keep the cursor line super- 
imposed on the target line. Error is defined as 
the difference between the output voltage of the 
target generator and the voltage across S’s arm 
control. 

Simple sinusoidal target courses of ten differ- 
ent frequencies were studied—10, 20, 40, 60, 90, 
120, 150, 180, 210, and 240 cpm. Input 


amplitude remained constant for all frequencies. 


Subjects 


Three highly skilled right-handed male Ss 
were employed. Each S had served in previous 
tracking studies and had received between 500 
and 1000 1-min. trials with similar target courses 
(at frequencies ranging from 30 to 90 cpm). 
They received hourly wages. 


Procedure 


Each S received 14 1-min. preliminary 
practice.trials, separated by 1-min. rest periods, 
on each of the ten frequencies studied. These 
140 preliminary practice trials were given during 
seven l-hr. sessions, each separated by at least 
24 hr. During each I-hr session two suc- 
cessive trials were given on each of the ten 
frequencies studied; otherwise, the order of 
frequencies was determined separately for each 
S by a table of random numbers. A different 
random order was followed by each S on each 
session. 

Following the practice sessions, each S 
received a total of 24 test trials on each of the 
ten frequencies studied, or a total of 240 test 
trials. Each trial was 66 sec. in duration, but 
the first 6 sec. were treated as a warm-up 
period and were not scored. Test trials were 
given during 12 l-hr. sessions, each separated 
by at least 24 hr. The procedure, including 
determination of the sequence of presentation of 
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different frequencies, corresponded to that used 
during the practice trials. At the end of this 
series of test sessions, additional trials were given 
during which simultaneous graphic records of 
the target course, control movement, and error 
were obtained. 


Quantitative Performance Criteria 


Two quantitative measures of tracking error 
were obtained: (a) root-mean-squared error 
(error RMS), and (b) time-on-target within a 
tolerance of 5% of the maximum plus or minus 
problem voltage (this is equivalent to a +.025- 
in. misalignment between target line and cursor 
line on the tracking display). Error RMS was 
obtained by taking the square root of a meter 
reading obtained from circuits which accumu- 
lated the squared error voltage during each trial. 
Previous studies employing frequencies not 
exceeding 90 cpm have shown that the error 
RMS and the 5% tolerance time-on-target 
scores give a highly correlated but not identical 
description of performance (8, 13). 
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RESULTS 


Objective scores.—Error RMS scores 
pooled for the first six and the last 
six of the series of 12 trials are shown 
in Fig. 1 as a function of frequency for 
each S separately. The dotted line at 
an ordinate value of 29.3 represents 
the RMS value of the input voltage 
from the problem generator. An 
error RMS score in excess of this value 
represents performance worse than 
would be achieved if S centered his 
control and made no effort to track 
the target during a trial. This score 
does not represent complete break- 
down, however, since if S should con- 
tinue to move the control in approxi- 
mately sinusoidal motion but with a 
frequency different from that of the 
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Fic. 1. Error RMS scores of three Ss as affunction of target frequency. 
The dotted line represents the RMS value of,the target. 
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Fic. 2. Time-on-target score as a function 
of the duration of a stimulus cycle. Data are 


for Trials 7-12. 


target, his average RMS score would 
be considerably greater than 29.3. 
It is obviously inefficient for S to 
attempt to track the target when by 
doing so his error becomes larger than 
it would be if he did nothing, and it is 
interesting to note that with continued 
practice individual error curves reach 
approximately this value at the high- 
est input frequencies. 

In Fig. 2 the mean time-on-target 
scores for the same set of trials are 
shown for each S as a function of cycle 
duration, using a logarithmic scale for 
these values. The solid line in Fig. 2 
is a visual fit of the mean scores for 
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the three Ss combined. While the 
data of Fig. 2 are fitted with a nega- 
tively accelerated curve, a straight 
line would fit the data almost as well. 
Furthermore, the  time-on-target 
scores are attenuated slightly at the 
lower end of the cycle duration scale, 
owing to a slight lag in the scoring 
clocks which begins to exert an ap- 
preciable attenuating effect on scores 
where a large number of very short- 
duration on-target periods must be 
accumulated. Fortunately, however, 
the error RMS score is free of this 
artifact. 

It is apparent from an examination 
of Fig. 1 and 2 that no point of 
marked discontinuity in performance 
occurs with increase in frequency. 
The smooth error RMS curves, of 
course, are in part a result of the 
pooling of data for repeated trials. 
Except for chance irregularities, how- 
ever, there is no evidence in these 
curves to indicate a critical frequency 
at which performance deteriorates 
markedly and consistently from trial 
to trial or from person to person. 

Analyses of variance of the error 
RMS and the time-on-target scores 
are summarized in Table 1. The 
variation among the means resulting 
from changes in frequency was highly 
significant for both scores. 














TABLE 1 
Summary or ANALYSES OF VARIANCE FOR Error RMS anv TimeE-on-Tarcet Scores 
Error RMS Time on Target 
Source of Variance df - —— 
Mean Square F* ? Mean Square Fe p 

Frequency (F) 9 14087.29 32.75 .001 1328190 95.51 001 
Practice (P) 3 1956.31 5.85 0S 234544 6.45 05 
Subjects (Ss) 2 3195.97 253752 
FX P 27 179.56 5.08 .001 6113 1.57 10 
F X Ss 18 430.20 13906 
P X Ss 6 334.26 36369 
FX PX Ss 54 35.36 3884 


























* The interaction F X Ss was used as the error term to test the effect of Frequency; P X Ss to test the effect 
of Practice; and F X P X Ss to test the effect of Frequency by Practice. Variation among Ss was not evaluated. 
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Even though skilled Ss were em- 
ployed, some learning was apparent, 
and it was decided to evaluate the 
effect of practice during the 12 ses- 
sions. With four successive blocks of 
three trials each for this assessment, a 
significant improvement in perform- 
ance (p < .05) as a function of 
practice was found for both scores. 
The interaction between frequency 
and practice was statistically signifi- 
cant for the error RMS scores but not 
for the time-on-target scores, practice 
leading to relatively greater improve- 
ment at the higher frequencies. 

Graphic records——Sample graphic 
records of tracking error are shown in 
Fig. 3. Sample simultaneous records 
of the stimulus and response motion 
for one S are shown in Fig. 4. The 
increase in error amplitude at the 
higher frequencies is primarily a result 
of lack of synchronization of S’s out- 
put frequency with the input fre- 
quency. This interpretation, which 
was reported earlier by Ellson and 
associates (4, 5), is verified by the 
increasing presence of the target fre- 
quency in the error records (see 
especially the records at 150 cpm), and 
by the relatively common occurrence 
of beats at very high frequencies. 
The number of beats per minute in 
each case corresponds to the difference 
between the input and output fre- 
quencies. 

There were large individual differ- 
ences both in the frequency at which 
Ss lost synchronization and in the 
frequency which characterized their 
output following loss of synchroniza- 
tion. As an illustration, one S 
(M. A.) began to lose synchronization 
for input frequencies above 180 cpm. 
At 210 cpm his mean output frequency 
was 232 cpm, and at 240 cpm it was 
250 cpm. Another S (R. W.) began 
to lose synchronization at 150 cpm. 
At an input of 180 cpm his mean out- 
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Fic. 3. Sample graphic records of tracking 
error for two Ss. 


put was 160 cpm, at 210 cpm it was 
155 cpm, and at 240 cpm it was 160 
cpm. In all graphic records the out- 
put frequencies were fairly consistent 
for the same S from sample to sample. 
As an illustration, four independent 
determinations of the output rate of 
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Fic. 4. Sample graphic records of stimulus 
and response motion taken simultaneously for 
SR. W. Ac each frequency the top record is 
the stimulus, the bottom record the response 
motion. 
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one S (M. A.) for a sample of 50 
input cycles showed 56, 59, 56, and 54 
response cycles for the 210 cpm input 
rate, and 52, 51, 54, and 51.5 response 
cycles for the 240 cpm input rate. 

In addition to loss of synchroni- 
zation there are four other sources of 
tracking error apparent in the graphic 
records. Second, at input frequencies 
lower than those at which S loses 
synchronization, his output tends to 
get out of phase with the input for 
short periods of time. At the lower 
frequencies this loss of phase relation 
usually lasts for only } cycle, while in 
the middle range of frequencies S may 
stay out of phase for 2 or 3 cycles 
before a relatively good correction of 
his phase error is made. In other 
words, S apparently requires a rela- 
tively constant time interval to ob- 
serve and correct phase errors irre- 
spective of input frequency. 

A third souree of error arises from 
variability of output amplitude. In 
general, this variability increases as 
problem frequency increases, but here 
again there are individual differences. 
A fourth factor in errors is a tendency 
for S’s output to be consistently 
smaller or larger than the input ampli- 
tude. One S tended to have an out- 
put amplitude slightly greater than 
input amplitude (that is, to make all 
movements greater than the specified 
+ 10°) at frequencies greater than 
120 cpm. Another S, however, made 
responses smaller than the input 
amplitude, his output amplitude de- 
creasing up to 150 cpm and remaining 
fairly constant for frequencies above 
150 cpm. 

A fifth source of error arises from 
variability in the point of termination 
of successive extensor or successive 
flexor movements. Variability in this 
aspect of the movements is particu- 
larly pronounced in the records of the 
S (R. W.) shown in Fig.-4. This 
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type of variability tends to increase 
steadily as a function of frequency, at 
least up to input frequencies of 210 
cpm. 

Discussion 


It appears from the present results 
that Ss can follow an input frequency up 
to about 2 cps and keep their error RMS 
score less than half the value of the signal 
itself. Performance does not fall to the 
level of the problem signal until around 
4 cps. This is a considerably higher 
upper frequency than the limit of .5 cps 
estimated by Birmingham and Taylor 
(1) for a compensatory display and ir- 
regular target motion. It must be re- 
called, however, that the present data 
were obtained under conditions favorable 
to good tracking—highly predictable 
target motion and a pursuit display. 
The upper limit of frequency is actually 
slightly above the maximum frequency 
(about 3 cps) observed in a task in which 
Ss were required to control the amplitude 
of reciprocal arm movements (7). The 
human frequency response undoubtedly 
will exhibit much earlier loss of efficiency 
for less predictable target courses and for 
tracking displays that do not permit 
direct observation of the pattern of tar- 
get motion. 

The present results reveal several 
interesting differences between the hu- 
man frequency response and that of 
electronic or mechanical devices. No 
consistent shifts in the mean phase rela- 
tions of input and output occurred short 
of the point at which synchronization of 
stimulus and response was lost. Nocon- 
sistent indications of a resonant fre- 
quency were found, nor was there any 
consistent decrease in response ampli- 
tudes at the higher frequencies. Per- 
formance at high frequencies was not 
consistently accompanied by reduction 
in amplitude, as is true of most physical 
systems, but evidenced periods of loss of 
stimulus-response synchronization and 
increased variability in the relation 
between input and output. These varia- 
tions appear to increase steadily in im- 
portance prior to the loss of stimulus- 
response synchronization. 
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The model of human tracking perform- 
ance that appears to fit the preceding 
experimental facts most adequately is one 
that involves two assumptions: (a) a 
basic intermittency of data processing by 
the human, and (4) a predictive capacity 
by means of which the human, operating 
intermittently on sampled data, adjusts 
his output to correspond approximately 
to a continuous input. It is assumed 
that in a continuous task in which the 
temporal changes of the stimulus are 
highly predictable man’s output, is rela- 
tively continuous and is based primarily 
on a prediction of the future stimulus 
pattern. It is assumed further that man 
compares a sample segment of the stim- 
ulus pattern with a sample of his own 
response pattern, and uses this informa- 
tion to regulate, at intervals, his own 
continuous output in order to bring it 
into closer correspondence with the input 
pattern. These adjustments may take 
the form of periodic shifts in the points 
of termination of flexor or extensor 
movements, variations in the mean and 
range of a series of movements, or adjust- 
ments of the frequency and phase rela- 
tions of successive responses. In other 
words, it is proposed that in a task that 
requires him to make his response output 
correspond in time and space to a con- 
tinuously and rapidly changing stimulus, 
S does not respond directly to the stim- 
ulus at all—instead, he puts out a 
continuous predicted response, observes 
the relation between his output and the 
stimulus pattern, and at periodic inter- 
vals makes necessary changes in his 
predictions. If S’s sampling period is 
independent of frequency this would ex- 
plain why it is that tracking error in- 
creases so rapidly at high frequencies, 
for if the absolute magnitude of the 
sampling interval is independent of fre- 
quency, then phase error will increase 
with frequency and we have seen that 
error at higher frequencies is predomi- 
nantly determined by timing or phase 
error. 

Fenn (6) has concluded that the maxi- 
mum rate at which simple reciprocal 
movements can be made in the absence of 
any external stimulus is determined not 


by inability of the motor system to 
produce the forces required to make rapid 
movements, but by a breakdown of the 
control of the temporal relations required 
to maintain a rapid alternation between 
reciprocally innervated muscle groups. 
This breakdown occurs at or before 10 
cps. The loss of tracking proficiency 
at higher frequencies of target motion 
probably arises in a similar manner, due 
not to S’s inability to discriminate and/ 
or produce the required amplitudes of 
movement, but to his inability at these 
frequencies to perceive the temporal 
relations between stimulus and response 
patterns and to control the temporal 
organization of his own motor behavior. 


SUMMARY 


The efficiency of highly skilled Ss in tracking 
a target which moves in a simple harmonic 
motion pattern, as measured by root-mean- 
squared error and by time on target within 5% 
of the target amplitude, was found to decrease 
steadily as input frequency was increased. 
Examination of objective scores and analysis of 
graphic records of the problem input, S’s output, 
and tracking error indicate that five types of 
changes in motor behavior contribute to the 
decrease in performance proficiency: (a) vari- 
ability in phase relations between stimulus and 
response, (b) variability of output amplitude, 
(c) variability in the point of termination of 
successive flexor or of extensor movements, 
(d) a constant error in matching response 
amplitude to the average input amplitude, and 
(e) loss of synchronization between output and 
input frequencies, i.e., periods during which the 
output frequency was independent of the input 
frequency. During short periods of loss of 
synchronization the output frequency might be 
either higher or lower than the input frequency. 

The last of the above factors operates only 
at the higher input frequencies. The other four 
factors tend to increase steadily in importance 
as input frequencies increase, although varia- 
bility in the point of termination of successive 
extensor and flexor movements tends to reach a 
maximum at an 150-180 cpm input frequency 
range. The above factors were present for 
each S, although there were marked individual 
differences in the relative influence of the several 
factors at the various frequencies. 

These changes in performance are inter- 
preted in relation to the hypothesis that man 
puts out a patterned response which he predicts 
will match the stimulus pattern, observes the 
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outcome during a sampling period, and inter- 
mittently changes his output pattern. 


1. 


6. 


. Extson, D. G., & WuHeEeEtEr, L., Jr. 
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THE INFLUENCE OF NONREINFORCEMENT OF A 
COMPONENT OF A COMPLEX STIMULUS 
ON RESISTANCE TO EXTINCTION 
OF THE COMPLEX ITSELF 


DELOS D. WICKENS AND JOHN D. SNIDE 
The Ohio State University 


In a study investigating the gra- 
dient of primary stimulus generaliza- 
tion to tones (3) the writers established 
conditioned galvanic reactions to one 
of three tones, each of which was 
separated by 25 j.n.d. During the 
acquisition trials, the control groups 
received 16 presentations of a partic- 
ular tone accompanied by reinforce- 
ment (shock). The procedure for the 
experimental groups was identical, 
except that in addition to the 16 
presentations of the tone, a click was 
randomly presented 12 times without 
reinforcement. Each subgroup of the 
total experiment then received eight 
extinction trials on one or another of 
the tones. Magnitude of response 
was measured in terms of log 
micromhos. 

In the control groups a gradient of 
generalization was found, and it 
seemed to be generated by the extinc- 
tion process, for it became steeper 
with progressive extinction trials. In 
the experimental groups no gradient 
was discovered; and the failure to 
obtain a gradient for the experimental 
curves seemed attributable to the high 
resistance to extinction of the groups 
tested to the generalized tones. In 
interpreting these results, we sug- 
gested that the click might be thought 
of as being a component of the tone 
since both stimuli share the common 
quality of being auditory events which 
come on suddenly to break the silence 
in the experimental situation. If this 
be the case, then one might further 
postulate that the experimental groups 


were undergoing a procedure which is 
similar to a partial reinforcement pro- 
cedure and hence a procedure which 
produces responses that are highly 
resistant to extinction. A more 
general statement of our hypothesis 
would be: If a complex stimulus is 
presented along with reinforcement 
and an element of the complex is 
presented at some other time without 
reinforcement, then this latter action 
increases the resistance to extinction 
of the complex stimulus itself. It is 
the purpose of the present experiment 
to test this hypothesis more directly. 

The general procedure in this ex- 
periment consisted of employing as 
the CS a light and a tone which came 
on simultaneously and terminated 
simultaneously. The control and ex- 
perimental groups were conditioned 
and extinguished to this stimulus 
complex; for the experimentals one or 
other aspect (the light alone or tone 
alone) of the total complex was oc- 
casionally presented during the train- 
ing without reinforcement. Our hy- 
pothesis would predict that the experi- 
mentals would show greater resistance 
to extinction than the controls. 


METHOD 


Apparatus.—The stimulus complex consisted 
of a 1000-cps tone at 40 db above threshold 
produced by a Jackson oscillator and delivered 
through earphones, and a 2-w. red light located 
directly in front of, at eye level, and about 5 ft. 
from S’s face. The GSR circuit employed was 
that described by Haggard and Gerbrands (1). 
Its major units consisted of a General Electric 
Photoelectric Recorder and an RCA Volt 
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Ohmyst. ‘Time relations between CS and UCS 
were controlled by an electronic timing unit. 
The shock was produced by a DC current of 
100 v. with a 120,000-ohm resistance in series 
with S. 

The £ and S sat in adjacent rooms. The 
experimental room was soundproofed with walls 
and ceilings painted white. It was illuminated 
by a 74-w. light located overhead. 

Subjects.—The 42 Ss who served in the experi- 
ment were volunteers from the elementary psy- 
chology classes at The Ohio State University. 

Procedure-—Three groups were employed 
with 14 Ss in each group. Group A served as a 
control. The procedure in the learning trials 
for this group consisted of 16 simultaneous pres- 
entations of the tone and red light followed by 
an electric shock. The duration of this stimulus 
complex was 500 msec. After the tone and light 
had been on for 300 msec., the shock was ad- 
ministered for 200 msec., at the end of which all 
three terminated simultaneously. The test 
trials consisted of eight presentations of tone and 
light together without reinforcement. The 
interstimulus interval varied randomly from 20 
to 60 sec. in a prearranged order identical for 
all Ss. 

Two experimental groups were employed, 
Groups B and C. The procedure for Group B 
was essentially similar to that for Group A. 
However, the tone alone was administered 12 
times during the learning trials in addition to the 
16 coincident presentations of the tone and light. 
The single tone was never followed by shock. 
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For Group C, the red light alone was pre- 
sented 12 times during the learning trials without 
reinforcement. The extinction trials for Groups 
B and C were identical with those for Group A, 
that is, they were extinguished to the complex of 
tone plus light. The unreinforced tone or light 
was presented in a random sequence between the 
occurrence of the reinforced complex. A se- 
quence of two consecutive stimulations of the 
tone or light alone was never employed. 


REsuLTs AND Discussion 


Graphs of the data are presented in 
Fig. 1. The separate points in the 
figure give the mean values in microm- 
hos for the particular extinction trial. 

Since Groups B and C did not 
differ from each other, they have been 
combined. This failure for the two 
experimental groups to show a differ- 
ence is to be expected. Conceptually 
they were treated alike, and before the 
experiment was begun an effort was 
made to equate the psychological 
intensity of the light and the tone. 

There was some tendency for the 
control group to show a _ higher 
magnitude of response on the initial 
extinction trial, but the trend is not 
significant. 

The curves are the best fit for the 
data, and they are both straight lines. 
The equation for Group A is 


P(x) = 2.54 — .15x, 


while the equation for the combined 
Groups B and C is 


y = 2.04. 


There is no significant difference 
between the displacement of the two 
curves, but the slope terms differ from 
each other at the 5% level of con- 
fidence in a two-tailed test (2). 

Thus the data of the experiment in- 
dicate that the experimental groups 
(B and C) show greater resistance to 
extinction than the control group. 


The results of the experiment support 
the hypothesis which instigated the 
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experiment. The occurrence without 
reinforcement of a component of a 
stimulus complex which itself is con- 
sistently reinforced increases the resist- 
ance to extinction of the complex. If 
this state of affairs is generally true, then 
the operation of partial reinforcement is 
considerably more subtle and consider- 
ably more pervasive than at least 
superficially seems to be the case. It 
will be noted, for example, that the 
process of discrimination training par- 
takes of this character. Qne might, 
therefore, expect that the positive stim- 
ulus of the discrimination pair obtains a 
higher resistance to extinction than 
would have been the case if it alone had 
been presented for the same number of 
reinforcements. 


SUMMARY 


The present experiment was a more direct 
test of a hypothesis which was advanced to 
account for results obtained in a previous study 
of stimulus generalization. It was hypothesized 
that if a complex stimulus is presented along 
with reinforcement and an element of the com- 
plex is presented at some other time without rein- 
forcement, then this later action increases the 


resistance to extinction of the complex stimulus 
itself. 

To this end, the control Ss were conditioned 
to a complex stimulus of a light and tone for 16 
trials, with shock the UCS for the GSR response. 
They were then extinguished to this stimulus 
complex. The procedure was the same for the 
two experimental groups except that 12 times 
during the training the light alone (or, for the 
other group, the tone alone) was presented with- 
out reinforcement. 

The results of the experiment support the 
hypothesis, for the resistance to extinction of the 
experimental groups was significantly (p = .05) 
higher than that of the control group. 
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EFFECT OF VARIED REINFORCEMENT 
ON SPEED OF LOCOMOTION 


FRANK A. LOGAN, EILEEN M. BEIER, AND ROBERT A. ELLIS 
Yale University’ 


In the typical learning experiment, 
the aspects of reinforcement (delay, 
magnitude, etc.) remain constant 
throughout any series of rewarded 
trials. In the natural environment, 
however, the aspects of reinforcement 
typically vary from trial to trial. 
This paper reports the results of two 
main experiments, one in which the 
magnitude of reinforcement was 
varied whilé the other a8pects of rein- 
forcement were held constant, and a 
parallel experiment in which only the 
delay of reinforcement was varied. 

The-vartation in an aspect of rein- 
forcement may follow any of an 
infinite number of probability dis- 
tributions. We chose to use the 
simplest of these: a two-point dis- 
tribution with each value being 
equally likely. The varied magnitude 
group therefore received a_ large 
magnitude on a random_half of the 
trials and a small magnitude on the 
remaining half Stmilarly, ‘the varied 
delay group was irregularly alternated 
between a short and a long delay of 
reinforcement. It will be convenient 
to refer to the large magnitude and 
the short delay as “‘preferred”’ values, 
by which we mean only that Ss 
given a choice will typically select a 
large to a small magnitude and a 
short to a long delay. 

In order to evaluate the perform- 
ance of the varied reinforcement 
groups, two control groups for each 
were necessary. One control group 
received a constant reinforcement 
equal to the preferred of the two 


1 This research was supported in part by a 
grant from the National Science Foundation. 


values for the varied group. The 
second control group received a con- 
stant reinforcement equal to the mean 
of the two values for the varied group. 

The purpose of these experiments, 
then, was to observe whether groups 
for which reinforcement varied be+ 


tween two equally likely values would 


perform like (a) the mean groups: 
which were, on th@ average, as well off* 
but received tkeir reinforcement in 
equal installments, or like (6) the 
preferred groups which always re- 


| ceived the preferred of the two values 


r the varied groups. _ 

No study of varied magnitude of 
reinforcement has been found in the 
literature. An experiment by Crum, 
Brown, and Bitterman (2) partially 
duplicated the varied delay of rein- 
forcement in our design. They 
trained two groups of rats in a short- 
alley maze, one group receiving im- 
mediate reinforcement on each trial, 
and the second receiving immediate 
reinforcement on a random half of the 
trials and a 30-sec. delay of reinforce- 
ment on the remaining half. Because 
their experiment was designed for 
other purposes, a large portion of the 
learning was accomplished while both 
groups were receiving constant im- 
mediate reinforcement prior to the 
introduction of the variation in delay 


‘for the one group, which makes it 


difficult to conclude concerning the 
learning and eventual asymptote 
under the varied delay conditions. 
Further, the mean delay control 
group was unnecessary for their pur- 
poses, but should be available within 
the same design if a comparison 
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between two such conditions of rein- 
forcement is to be made. 

The many experiments on partial 
reinforcement involve both varied 
delay and varied magnitude. The 
delay and magnitude aspects of rein- 
forcement are not independent at 
nonreinforcement and the effects of 
varied delay and varied magnitude 
are therefore confounded in the partial 
reinforcement design. However, these 
studies provide possible evidence upon 
which to base a prediction about the 
present experiments. One may, on 
the one hand, assume that having the 
reward delayed a little longer on half 
of the trials (varied delay) is at least 
as good as never getting it (partial 
reinforcement). Similarly, one may 
assume that getting a somewhat 
smaller amount of reward on half of 
the trials (varied magnitude) is at 
least as good as getting nothing 
(partial reinforcement). On these as- 
sumptions, the varied reinforcement 
groups should perform at least as well 
as a partial reinforcement group 
would. Since the partial reinforce- 
ment training procedure typically 
results in asymptotic performance 


_very slightly inferior to continuous 


reinforcement (4), one would predict 
that the varied reinforcement groups 
will perform almost as well as their 
referred control groups and therefore 
etter than their mean control groups. 

Another approach to the prediction 
of performance under varied rein- 
forcement would be to assume that S 
would run at the average of the speeds 
to the preferred and nonpreferred 
rewards. For example, when delay 
is varied between | and 9 sec., S’s 
speed would be determined by finding 
his speed to a constant l-sec. delay 
and his speed to a constant 9-sec. 
delay and then taking the mean of’ 
these two speeds. If we assume that 
speed is a negatively accelerated in- 


creasing function of magnitude (1) 
and a decreasing function of delay (5), 
the speed of the mean of the two 
delays is below the mean of the speeds 
of the two delaygy whereas the speed 
of the mean of i two magnitudes is 
above the mean of the speeds of the two 
magnitudes. That is, relative to th 
mean control groups, varied delay 
would do better than varied mag- 
nitude. 

The present design can be subjected 
to a micromolar Hullian type of 
analysis (3) by use of the fractional 
anticipatory goal response (r,). 
Spence (6) has suggested the use of r, 
as the basis for incentive motivation 
(K), and the prediction requires 
estimating the relative amplitude of 
r, conditioned to the cues immediately 
preceding the response under varied 
reinforcement. 

The varied delay procedure in- 
volves the partial reinforcement cope 
ditioning of the same rf, to two 
different ages of the stimulus trace, 
i.e., a short delay trial reinforces r, 
at the short age and nonreinforces it 
at the long age, while the reverse is 
true on long delay trials. Since r, 
will grow almost as high under partial 
as under continuous reinforcement, 
r, will become conditioned to both 
ages to almost the same degree as if 
reinforcement were constant at either 
delay. Since the same r, is condi- 
tioned to both ages, their generalized 
reaction tendencies will summate be- 
haviorally yielding a resultant r, 
comparable to that produced by 
constant preferred delay  rein- 
forcement. 

In contrast, the varied magnitude 
training procedure involves the partial 
reinforcement conditioning of two 
different r,’s (that appropriate to the 
large and that appropriate to the 
small magnitude) to the same age of 
the stimulus trace. Again the two 
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r,s will grow almost as high as con- 
tinuous reinforcement at either mag- 
nitude, but they are incompatible and 
will compete. The result will be a 
compromise r, intermediate between 
them and comparable to that pro- 
duced by constant mean magnitude 
reinforcement. 

That is, varied delay involves 
conditioning the same r, to two ages of 
he trace and the response tendencies 


—summate; while the varied magnitude 


involves conditioning different r,’s to 
the same age of the trace, and they 
compromise. The varied delay group 
would therefore be expected to per- 
form more like their preferred control 
group while the varied magnitude 
group would approximate their mean 
control group. 


METHOD 


Apparatus2—The laboratory is a windowless, 
air-conditioned room, with a hung sound-tile 
ceiling. The walls are painted flat green; all 
furniture and equipment in the room are flat 
black. The rats are housed in the laboratory 
in individual cages: 7-w. red lights mounted 
above the cages are illuminated while Ss are 
being run, the laboratory otherwise being in 
complete darkness during this time except for 
the lights on the apparatus itself. The home 
cages are separated from the rest of the labora- 
tory by a plywood and cloth partition. 

All relays, clocks, and timers (except the 
feeding mechanism) are isolated in Celotex boxes 
which are, in turn, mounted on sponge rubber 
inside second Celotex boxes. Any muffled 
sounds escaping from these boxes are effectively 
masked by having the air-conditioning unit in 
operation when the rats are being run. 

The double-alley maze is suspended in a large 
box five sides of which are Celotex. The glass 
top of this box is covered with one-way vision 
cellophane, and is divided into three sections 
each provided with hinges and magnetic door 
catches to permit introduction and removal of S. 
The inside of this box is median gray. A saw- 
dust pan rests 12 in. below the alleys. 

The floor plan of the double-alley maze is 
shown in Fig. 1. The starting box and tri- 


2 The apparatus is described in more detail 
than necessary for present purposes in order to 
avoid repetition in later reports. 
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angular choice point are median gray leading to 
parallel alleys one of which is flat black and the 
other flat white. The sides of the maze are 
4 in. high; the start and runway sections are 4 in. 
wide. The sides are 1 in. white pine while the 
top and bottom are }$-in. hardware cloth, all 
painted the appropriate brightness. Both sides 
of each alley are lined with glass. 

Weighted, appropriately painted, metal guil- 
lotine doors are situated as shown in Fig. 1. 
The food troughs cover the entire ends of the 
alleys and are 1 in. high to prevent S from seeing 
the contents before breaking the last phototube 
beam. 

The alleys are illuminated by five shielded 7-w. 
bulbs mounted on one side of the maze; these 
bulbs also serve to activate the phototubes. A 
7-w. red bulb is mounted centrally above the 
food troughs. 

There are two duplicate feeding mechanisms,’ 
one for each alley. Only one is used on any 
single trial, depending upon the alley in which S 
runs. A single description will accordingly 
suffice. 

A set of 18 graduated lengths of Saran tubing 
is mounted on a carriage. Each Saran tube is 
equipped with a pin to contain the pellets loaded 
therein. A single brass tube leads from directly 
below this carriage to the food cup. A reversible 
motor, with several external gear ratios, moves 
the carriage by steps in either direction; the 
motor starts to run when the first phototube 
beam is broken, and stops when the last is 
broken. That number of pellets loaded in that 
Saran tube stopping directly over the brass tube 
is delivered to S. 

This food delivery is accomplished auto- 
matically when the pin in the appropriate Saran 
tube is removed by a bell solenoid. The bell 
solenoid is, in turn, activated by a Hunter De- 
cade Interval Timer with which timing of the 
food delivery is easily and reliably fixed. The 
set of a selector switch determines which of the 
phototube relays activates the Hunter Timer. 
In this manner, reinforcement can be given at 
any desired time interval after S passes any 
desired point in the maze. 

Reward consists of uniform pellets prepared 
by the P. J. Noyes Company, Lancaster, New 
Hampshire, primarily of Purina mash and 
weighing .045 gm. each. By loading the Saran 
tubes with varying numbers of pellets, the 
magnitude of reinforcement can be made to 
increase, or decrease, at any of a variety of rates, 
with S’s speed.4 When the magnitude is pre- 


3 The writers are indebted to Gus Ogren for 
building the feeding mechanisms. 

* For example, if the gears are set to move the 
carriage at 2 steps/sec., and if the tubes are 
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determined independently of S’s speed, the 
motors can be set to run without moving the 
carriage so that only a single Saran tube need be 
loaded. 

There are six Standard Electric Timers which 
measure: (a) time from opening the start door 
to first phototube beam, (b through ¢) running 
time in successive 1-ft. sections of the alley, and 
(f) running time from the first to the last photo- 
tube beam, i.e., total running time providing an 
independent check upon the sum of the times 
recorded by Clocks b through ¢. These clock 
readings are recorded and transformed into 
simple reciprocals to provide the response speed 
measure in terms of which all results are stated. 

There are also available (a) two gray delay 
boxes, 18 X 18 X 4 in. in which Ss are placed 
individually both before and after running the 
alley, (b) a scale for weighing Ss, and (c) a 
balance for weighing individually the daily food 
ration. 

Subjects—Each experiment employed 24 
black hooded rats obtained from the Sennett 
Antique and Pet Shop, Tiffin, Ohio. All Ss 
were experimentally naive, and were between 90 
and 120 days of age at the beginning of the 
experiment. 

Training procedure——Upon arrival, each S 
was placed in an individual living cage, and 
maintained on an ad libitum feeding schedule 
for at least four days. The Ss were then placed 
on a 24-hr. feeding rhythm for at least five days 


loaded consecutively with 2, 4, 6, etc. pellets, 
then a response time of at least 1 but less than 
1} sec. receives 4 pellets, a response time of at 
least 14 but less than 2 sec. receives 6 pellets, etc. 
By varying the speed and direction in which the 
carriage moves and/or by varying the number of 
pellets in each Saran tube, a large variety of 
magnitude or reinforcement conditions of rein- 
forcement is available. 


DOORS ~ 


Fic. 1. Floor plan of double-alley maze. 


FOOD curs 


before the experiment began, during which time 
Ss were handled and weighed daily. 

Six Ss were run on each of four successive 
days for the first trial, and eight Ss on each of 
the following three days for the second trial. 
All Ss received one pellet of wet Purina mash in 
the alley on these first two trials. Thereupon 
all Ss ran one trial per day according to their 
prescribed conditions of reinforcement in a 
counterbalanced running order. At least 3 min. 
before it was to be run, S was placed in one of the 
delay boxes available. It was then introduced 
into the starting box where it was detained about 
20 sec. before the starting door was raised. The 
S was removed after the food reward was con- 
sumed (or after about 15 sec. on nonreward 
trials) and placed in a second delay box for at 
least 3 min. before being returned to his home 
cage. The day’s ration, balanced for magnitude 
received in the alley, was given at least 6 min. 
later. 

Experimental design—There were three 
groups of eight Ss in each experiment.§ (A) 
Varied magnitude experiment (all Ss received a 
constant 4-sec. delay of reinforcement): (1) 9- 
pellet magnitude (preferred magnitude group); 
(2) 5-pellet magnitude (mean magnitude group) ; 
(3) 9-pellet magnitude on a random half of each 
block of ten trials and a 1-pellet magnitude on 
the remaining half (varied magnitude group). 
(B) Varied delay experiment (all Ss received a 
constant 4-pellet magnitude of reinforcement) : 
(1) 1-sec. delay (preferred delay group); (2) 5- 
sec. delay (mean delay group); (3) l-sec. delay 
on a random half of each block of ten trials and a 
9-sec. delay on the remaining half (varied delay 
group). 


5 One rat was lost from the varied delay group 
before acquisition was complete. 
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RESULTS 


Performance during acquisition in 
terms of total running speed is shown 
for the varied magnitude and varied 
delay experiments in Fig. 2 and 3, 
respectively. In both cases it will be 
seen that the two constant reinforce- 
ment control groups reached clearly 
different acquisition asymptotes, the 
preferred groups exceeding the mean 
groups. Performance by the varied 
magnitude group reached an acquisi- 
tion asymptote below that of its 
preferred control group and com- 
parable to that of its mean control 
group. In sharp contrast, however, 
performance by the varied delay 
group improved at about half the 
rate of its preferred control group but 
eventually reached an asymptote 
above its mean control group and 
comparable to its preferred control 
group. 
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These results were tested statis- 
tically by means of analysis of vari- 
ance, since distributions of speed are 
approximately normal, and the as- 
sumption of homogeneity of variance 
could not be statistically rejected 
using Bartlett’s test. Analysis of 
variance of the varied delay experi- 
ment yielded an F of 11.623 with 
2 and 20 df (p < .001); that of the 
varied magnitude experiment yielded 
an F of 4.419 with 2 and 21 df (.01 
<p < .05). We place greater con- 
fidence in the results of the varied 
magnitude experiment than suggested 
by this p value because it was the 
second of this design which was run. 
The first used a one- and seven-pellet 
varied magnitude at a 2-sec. delay, 
and while the results failed to reach 
conventional levels of statistical sig- 
nificance, the varied magnitude group 
again closely duplicated the mean 
magnitude control group, and both of 
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Fic. 2. Total running speeds, varied magnitude experiment. 
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Fic. 3. Total running speeds, varied delay experiment. 


these were well below the preferred 
magnitude control group. 

Subsequent ¢ tests show that the 
preferred delay control group was 
superior to the mean delay control 
group (t = 4.676, p < .001); that the 
preferred magnitude control group 
was superior to the mean magnitude 
control group (t = 2.756, .01 < p 
< .02); that the varied delay group 
was superior to its mean delay control 
group (t = 3.345, p < .01); and that 
the varied magnitude group was 
inferior to its preferred magnitude 
control group (t = 2.344, .02 < p 
< .05). 

Comparable results appeared in the 
starting speed data; separate graphs 
of these are therefore not shown. 


Discussion 


The prediction based upon the results 
of partial reinforcement studies failed 


to find confirmation in that the varied” 
magnitude group performed significant y 
below its preferre olgroup. — 

The prediction based upon the as- 
sumption that performance under varied 
reinforcement would be at the average 
of the speeds to the preferred and non- 
preferred rewards is qualitatively con- 
firmed by our findings. However, ~it 
deviates quantitatively in that both 
varied groups would not be expected to 
perform as well as they did, i.e., the 
varied delay prediction falls well below 
the preferred control whereas we found 
these two comparable, and the varied 
magnitude prediction falls below the 
mean control whereas we found these 
two comparabte. course, this ap- 
proach could be made to conform more 
closely quantitatively by use of some 
average more heavily weighting the fast 
speeds (e.g., geometric mean). Indeed, 
a “‘psychological average” might result 
from systematic exploration of a number 
of varied reinforcement conditions 
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The prediction made by the micro- 
molar Hullian type of analysis was con- 
firmed. This analysis assumed that 
varied delay involves conditioning the 
same fr, to two ages of the trace, and the 
response tendencies summate; while the 
varied magnitude involves conditioning 
different r,’s to the same age of the trace, 
and they compromise. This is con- 
trasted with partial reinforcement where 
no small r, is conditioned to compete 
with the large one. That is, giving a 
small magnitude is actually worse, in 
terms of running speed, than giving 
nothing, since it provides a competing 
small r,. This theory therefore delivers 
the prediction that partial reinforcement 
will result in faster running than varied 
magnitudé reinforcement. 

In order to test this prediction, a 
partial reinforcement group (N = 7) 
was run and was treated identically to 
the varied magnitude group except that 
Ss received nothing on half of the trials 
rather than one pellet. This group 
reached an acquisition asymptote of .641 
which, as predicted, was above the .405 
asymptote of the varied magnitude 
group. In order to be sure that this 
result did not occur simply because the 
partial reinforcement group was by 
chance a fast one, Ss were switched to 
varied magnitude reinforcement after 
asymptotic performance had been at- 
tained under partial reinforcement. 
That is, one pellet was now given on half 
of the trials where previously there had 
been nothing. According to the theory, 
this should provide opportunity for the 
conditioning of a small r, which, as it is 
acquired, should compete with the large 
r, already conditioned, and hence produce 
a gradual response decrement. 

Only 40 trials (20 small reward trials) 
were run after the switch to varied 
magnitude, and the curve had not, by 
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then, reached a clear asymptote. 


It had, 
however, fallen as predicted to .586 
which was sufficient to be significant at 
the .025 level (one tail). 


SUMMARY 


1. When the delay of reinforcement is varied 
between two equally likely values, asymptotic 
performance is comparable to constant reinforce- 
ment at the preferred of the two values and 
significantly superior to constant reinforcement 
at the mean of the two values. 

2. When the magnitude of reinforcement is 
varied between two equally likely values, asymp- 
totic performance is comparable to constant 
reinforcement at the mean of the two values and 
significantly inferior to constant reinforcement 
at the preferred of the two values. 

3. These contrasting results can be handled 
by a theory employing the fractional anticipa- 
tory goal response. This theory yields the 
confirmed prediction that partial reinforcement 
leads to higher performance than varied mag- 
nitude reinforcement. 
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GENERALIZATION OF SERIAL POSITION 
IN ROTE SERIAL LEARNING? 


RUDOLPH W. SCHULZ? 
Northwestern University 


Underwood (3) has suggested that 
the serial position factor might be an 
“important source of generalization in 
serial learning. According to his 
reasoning, if there is generalization 
among serial positions, items at the 
beginning and end of a list could be 
expected to be more discriminable by 
virtue of the greater discreteness of 
these positions. The center items 
are, contrariwise, less discriminable, 
assuming the positions they occupy 
have greater homogeneity (i.e., S is 
more likely to be confused whether an 
item is in the sixth or seventh position 
than he would be in designating 
whether the same item belonged in the 
first or second position in a ten-item 
list). In short, the less discrete 
, middle positions should generalize 
more than the relatively discrete end 
positions. Thus, the following pre- 
diction is made from the generaliza- 
tion hypothesis: Differential gener- 
alization among the respective serial 
positions should affect S’s ability to 
designate the ordinal number of the 
positions occupied by the items in a 
serial list, after having learned that 
list. Furthermore, positions in the 
center of the list should be more 
difficult to designate than positions at 
the beginning and end of the list. 


1T gratefully acknowledge the generous 
assistance and counsel given me by Dr. Benton 
J. Underwood and Dr. Carl P. Duncan in carry- 
ing out this research and in the preparation of the 
manuscript for publication. Dr. Quinn Mc- 
Nemar’s advice concerning the statistical treat- 
ment of the data is sincerely appreciated. I 
also wish to thank Mr. Jack Richardson for his 
many helpful suggestions. 

? Now at Stanford University. 


position confusion” 


The present experiment is an at- 
tempt to test the hypothesis of 
generalization of serial position. For 
our purposes, generalization of serial 
position is operationally defined as 
in terms of 
ordinal number (e.g., S designating 
an item actually in Position 5 as being 
in Position 3). 


PROCEDURE 


General.—The S was read standard anticipa- 
tion learning instructions. Then, a ten-item 
serial nonsense syllable list was presented on a 
Hull-type memory drum at a 2-sec. rate with an 
8-sec. intertrial interval. Immediately after S 
reached the criterion of list mastery specified for 
his condition, the drum was stopped and S was 
read the following instructions: 

“T am now going to call aloud, one at a time 
in random order, each of the ten syllables from 
the list you have just learned. Immediately 
after I call off an item I want you to give me the 
number of the position in the list which this 
syllable occupied, the position of the first 
syllable being Number 1 and that of the last 
syllable Number 10. You must answer very 
quickly since I will call the items out at a fairly 
rapid pace. Further, you must give me a 
number for every item I call out, if you do not 
remember an item just do the best you can; 
however, you must always give me a number 
immediately after I have read off a syllable. 
Are there any questions?” 

The speed set in these instructions was 
necessary to prevent S from “re-reciting” the 
list in designating an item’s position. The E£ 
also practiced at length before beginning the 
experiment so that the time lapse between S’s 
response and £’s presentation of the next syl- 
lable was negligible. Hence, this position- 
naming response should be a fairly accurate 
estimate of S’s knowledge of item position rela- 
tively unconfounded by his level of list mastery 
per se. The position-naming response then 
constitutes the primary dependent variable 
throughout this study. The procedure thus far 
described was the same for all conditions. 

Specific conditions—The five conditions of 
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TABLE 1 


Mean Trias To LEARN as A Function or INTRALIST SIMILARITY 
AnD LeveL or List Mastery 














| ‘ | | 
Cond | N | Sint ey | Criterion of Mastery | Mean om 

I 30 | Low 5/10 correct 8.60 0.80 
II 30 Low 10/10+-5 trials 27.63 1.74 
III 30 Low 10/10+-20 trials 52.20 3.17 
IV 30 High 5/10 correct 11.73 1.43 
Vv 30 } High 10/10+5 trials 36.87 2.28 

| | 





the experiment are summarized in Table 1. 
A list of low intralist similarity was used in 
Cond. I, II, and III. Thus, any effect due to 
the serial position factor should be shown more 
clearly, since generalization along other dimen- 
sions is held to a minimum in these conditions. 

It was, of course, impossible to remove all the 
formal similarity among the syllables composing 
the low similarity list. There was the un- 
avoidable replication of vowels, the syllables 
were made from letters of the alphabet, etc. 
Differences in position naming at the respective 
serial positions could result from this residue of 
formal similarity in Cond. I, II, and III. How- 
ever, if differences in position naming noted with 
the low similarity list fail to change significantly 
when learning is under identical conditions with 
a list of high intralist similarity, as in Cond. IV 
and V, it is unlikely that these differences were 
produced by the formal characteristics of the 
list per se. 

Degree of learning was varied as indicated in 
Table 1. The 1- perfect-plus-5-trial criterion in 
Cond. II and V was adopted so that S would 
have very thorough mastery of the list before 
position naming began, thus hoping to minimize 
further the possible confounding of list knowl- 
edge and position knowledge. 

Items in the middle of the list never receive 
as many reinforcements (correct anticipations) 
as the end items in serial learning. The 1- 
perfect-plus-20-trial criterion of Cond. III was 
selected so that a comparison of Cond. III with 
Cond. II would afford an evaluation of possible 
differences in position naming resulting from 
this inequality of reinforcement. 

Originally, it was thought Cond. II, III, and 
V would suffice for the purposes of this experi- 
ment. However, after these conditions had 
been run an analysis of the data suggested the 
need for Cond. I and IV. Cond. V may not 
have provided an adequate evaluation of the 
effect of intralist similarity on position naming. 
There may not have been sufficient time for the 
generalizing properties of these similar syllables 
to recover from the high degree of differentiation 


established in this condition. Therefore, learn- 
ing in Cond. I and IV was to a criterion of 5 of 
10 correct anticipations. Differentiation was 
incomplete and a better evaluation of the effect 
of intralist similarity provided. In addition, 
knowledge concerning the relationship between 
level of list mastery and position-naming ability 
was also derived. 

List construction.—A basic list of low intralist 
similarity was constructed from the following 
ten syllables: GAC, WEP, SOZ, BIH, XEL, 
KIV, DUF, TAJ, YOR, and QUN. Five vowels 
are used twice and all consonants except M are 
used once. Every syllable begins and ends with 
a different consonant. 

A basic list of high intralist similarity was 
constructed from the following ten syllables: 
WAH, WEH, WIH, NOY, NEY, NUY, KOB, 
KIB, KUB, and KAB. Five vowels are used 
twice. Two different consonants start each of 
three syllables. One additional consonant starts 
four syllables. Two different consonants end 
each of three syllables. One additional con- 
sonant ends four syllables. The letter which 
starts a syllable always occurs with the same 
ending letter in all other syllables it starts. 

The syllables in these two basic lists were then 
arranged into ten different serial orders by the 
method of systematic randomization (3, pp. 
130-131) to make ten low and ten high simi- 
larity lists. In this way biasing of a position in 
terms of differential syllable difficulty was con- 
trolled for. All syllables have association values 
of 46.67% to 53.33% according to Glaze (1). 
The same letter never occurred consecutively in 
any of the serial orders. The number sign (#) 
was used as a starting cue in all lists. Only 
three Ss learned the same order (or list) in a 
given condition. In all, 150 undergraduate Ss 
naive in verbal learning experiments served in 
the experiment. 


RESULTS 


General.—First, it is necessary to 
show that the variations in similarity 
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and degree of learning did, in fact, 
produce the differences in learning 
required for the analysis of position 
naming. The mean number of trials 
to learn under the five respective 
conditions is presented in Table 1. 
The three criteria of list mastery 
selected obviously produced the ex- 
pected differences in learning. A 
statistical test of significance was not 
performed. 

Similarity was likewise an effective 
variable. The high similarity list of 
Cond. V_ required 9.24 additional 
mean trials to be learned to the same 
criterion as the low similarity list of 
Cond. II. This difference in mean 
trials to learn under Cond. II and V 
is statistically significant beyond the 
1% level (t = 3.23: this and all 
subsequent #’s evaluated with 58 df). 
The 3.13 mean trial difference be- 
tween Cond. I and IV just fails to 
meet the requirements of statistical 
significance (¢ = 1.92). However, 
since the difference in trials to learn 
the same lists under Cond. II and V 
was significant, it is probably safe to 
assume that this difference between 
Cond. I and IV is also a true one 
which would become significant with 
a higher criterion of list mastery. 
Hence, rates of learning under Cond. 
I and IV, as well as those under 
Cond. II and V, will be considered 
significantly different. 

The Ss in each condition were 
divided into the 15 fastest and 15 
slowest learners to permit a com- 
parison of the position-naming ability 
of fast and slow learners. There was 
essentially no difference in position 
naming as a function of speed of 
learning in any of the five conditions. 

The familiar bowed curves repre- 
senting difficulty in learning at each 
serial position for all five conditions 
are shown in the upper half of Fig. 1. 
High intralist similarity appears to 
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Fic. 1. Upper half: Serial position curves 
based on failures at each position during learning 
divided by mean trials to learn. Lower half: 
Difficulty in position naming as a function of 
serial position. Each point on the graph repre- 
sents number of Ss incorrectly naming the 
position on the abscissa. 


steepen the bow somewhat. This 
steepening is most noticeable late in 
learning, as is shown by comparison 
of Cond. II and V. 

If difficulty in position naming is 
measured by the number of Ss failing 
to name the syllable in Position 1 as 
being in Position 1, and an item in 
Position 2 as being in Position 2, etc., 
for each of the ten respective serial 
positions, the curves in the lower half 
of Fig. 1 are derived. It is immedi- 
ately seen that the position-naming 
curves are also “bowed curves.” 
Difficulty in position naming likewise 
varies as a function of ordinal position, 
with the positions to the right of 
center being most difficult to 
designate. 

Using the rank difference method, 
position difficulty as measured by 
mean failures in learning was shown 
to correlate highly with position 
difficulty determined by failures at 
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position naming in each of the five 
conditions (rho = .88, .93, .85, .85, 
.88 for Cond. I, II, III, IV, and V, 
respectively). Figure 1 and the fore- 
going high positive correlations make 
an important finding of the experi- 
ment clear. Neither the variation in 
intralist similarity nor the differing 
levels of list mastery appear to have 
altered appreciably S’s relative accur- 
acy in position naming with respect 
to any particular serial position. In 
all conditions the positions of the 
middle items were consistently most 
difficult to name, and the end items 
the easiest. Thus, the dependent 
variable of the experiment is in line 
with the prediction from the gen- 
eralization hypothesis. 

Again comparing the position-nam- 
ing curves to the bowed curves, one 
notes that the over-all effect produced 
by intralist similarity and amount of 
practice on the bowed curves is not 
apparent in the _ position-naming 
curves. Thus, the next consideration 
in analysis will be a more precise 
evaluation of position naming with 
regard to these variables. 
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LEVEL OF LIST MASTERY 


Fic. 2. Accuracy in position naming as a 
function of intralist similarity and level of list 
mastery. The roman numeral beside each point 
indicates the particular condition of the ex- 
periment. 
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Effect of intralist similarity on 
position naming.—A “‘score” repre- 
senting S’s ability to designate posi- 
tion under the various conditions of 
the experiment was derived in terms 
of the absolute difference of the 
position S named from the item’s 
actual position in the list. For ex- 
ample, an item actually in Position 3 
which S named as being in Position 5 
produced an absolute difference of 
two. The sum of the ten differences 
obtained in this fashion constitutes 
S’s position-naming score. Hence, a 
low score indicates accurate position 
naming and a high score inaccurate 
position designation. The mean 
position-naming scores for the 30 Ss 
in each of the five respective condi- 
tions are presented graphically in 
Fig. 2. 

Comparison of the means for the 
high and low similarity conditions 
with comparable levels of list mastery 
in Fig. 2 reveals that the high intralist 
similarity list of Cond. IV and V 
reduced accuracy in position naming 
rather substantially. The mean dif- 
ferences of 6.87 between Cond. I and 
IV, and 5.67 between Cond. II and V, 
are both statistically significant be- 
yond the 1% level (¢ = 5.45 and 
t = 3.69, respectively). 

In summary it is concluded that 
intralist similarity does effect over-all 
accuracy in position naming, however, 
as noted in connection with Fig. 1 
S’s relative position-naming accuracy 
with regard to a specific ordinal posi- 
tion must be a function of factors 
other than formal item similarity. 
Apparently high intralist similarity 
simply made each position propor- 
tionately less discrete, while the 
relative discreteness of the end versus 
middle items remained fairly constant. 

Effect of level of list mastery on 
position naming.—It is seen from 


Fig. 2 and Table 1 that the 24.6 
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additional trials received in Cond. III 
failed to improve position naming, 
when Cond. III is compared to Cond. 
II. Apparently S’s knowledge of 
position reaches an asymptote before 
the 1-perfect-plus-5-trial criterion 
used in Cond. II, insofar as the differ- 
ence in degree of learning between 
Cond. II and III is an adequate 
sample of the dimension. The middle 
items in Cond. III received more 
reinforcements than the end items in 
Cond. II. Positions 6, 7, and 8 in 
Cond. III were reinforced 797, 853, 
and 826 times, respectively, while 
Positions 1, 2, and 3 in Cond. II were 
anticipated correctly 780, 659, and 
572 times, respectively. Thus, the 
absolute number of reinforcements, 
defined as correct anticipations, like- 
wise seem to contribute little to S’s 
position-naming ability. 

Turning to the lower end of the 
degree of learning dimension and 
Cond. I and IV, inspection of Fig. 2 
indicates that S has already achieved 
a fairly high level of accuracy in 
position naming, in spite of the low 
level of list mastery in these condi- 
tions. If Cond. I and IV are com- 
pared to Cond. II and V in Fig. 2, it 
is seen that position naming does 
improve somewhat as a function of 
increased list mastery. The 3.60 
mean difference in position-naming 
score favoring Cond. V over Cond. IV 
is significant at the 2% level 
(t = 2.34). Likewise, the 2.40 mean 
difference between Cond. I and II 
reaches statistical significance at the 
5% level (t = 2.03). However, it 
should be noted that the degree of 
list mastery in Cond. II and V was 
more than 50% higher than that 
achieved in Cond. I and IV; thus, the 
magnitude of improvement in position 
naming found is hardly in keeping 
with the amount one might have 
expected to find. Unfortunately, this 


finding is not explicable from the data 
of the present study. 


Discussion 


Accepting “position confusion” in 
terms of ordinal number as an operational 
definition of generalization of serial posi- 
tion, the results of the experiment are 
consonant with the prediction that there 
is differential generalization along the 
serial position dimension. It was shown 
quite conclusively that S’s ability to 
designate the ordinal number of an 
item’s position in a serial list depended 
largely upon the particular position that 
item occupied during learning, with 
items in the center of the list being most 
difficult to designate. Empirically, the 
results are clear. 

However, in the light of some of the 
findings it becomes necessary to re- 
evaluate the assumption that ability to 
name the ordinal number of an item’s 
position is, in fact, a valid measure of 
generalization. The fact that increasing 
the degree of learning from 5 out of 10 
correct to 1 perfect plus 20 trials pro- 
duced only minimal changes in position- 
naming ability raises some questions. 
At least two interpretations of this 
finding are immediately apparent. One 
is that knowledge of position is learned 
with extreme rapidity, somewhat in- 
dependent of the “ordinary”’ associative 
learning of the serial item sequence. 
Hovland’s (2) finding that the relative 
amount of generalization increases rather 
rapidly to a maximum and then declines 
only slightly with further practice is 
favorable to such an interpretation. 
However, it must be remembered that 
Hovland’s results were derived from a 
conditioning situation in which _a_mini- 
mum of “actual” learning was necessary 
to produce the generalized response. A 
second interpretation, which seems even 
more plausible at this point, is that S 
simply does not learn serial position as 
represented by ordinal number. It is 
hard to conceive of S knowing the 
ordinal position of items he has only 
responded to an average of 9 times (see 
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Table 1) almost as well as the positions 
of items he has responded to 52 times. 

On the other hand, the finding that the 
position-naming curves of Fig. 1 are 
bow shaped, rather than symmetrical or 
some other shape, coupled with the fact 
that difficulty in position naming does 
correlate highly with difficulty in learning 
at the respective serial positions would 
seem to indicate that there is some 
relationship between the phenomena of 
serial learning and position naming. It 
is, however, impossible to determine the 
nature of this relationship from the data 
of the present study. 

In short, the results of the experiment 
are inconclusive for evaluating the 
generalization hypothesis because of the 
contradictory nature of the interpreta- 
tions made possible by certain findings. 
Hence, the response measure, position 
naming, may be unsuitable for a test of 
the hypothesis of generalization of serial 
position. An adequate evaluation of this 
hypothesis may require the development 
of a more direct method for measuring 
the possible existence of generalization 
along this spatial-temporal dimension. 


SUMMARY 


To investigate the notion, proposed by Under- 
wood, that there is differential generalization 
among serial positions, 150 Ss were asked to 
learn a ten-item serial nonsense syllable list under 
five different conditions. Level of list mastery 
was varied in three ways; intralist similarity in 
two. Immediately after learning S was asked to 
designate the ordinal number of the serial posi- 


tion occupied by each syllable in the list he had 
just learned. Inaccuracy in naming these posi- 
tions provided the operational definition of 
generalization of serial position. Empirically, 
the following was established: 


1. Accuracy in position naming varied as a 
function of serial position. The function was 
bow shaped, with a particular position’s relative 
difficulty remaining fairly constant even under 
widely varied conditions of learning. 

2. Knowledge of serial position per se reached 
its maximum level of perfection somewhere 
between 5 out of 10 correct and 1 perfect plus 
5 trials in terms of list mastery criterion. 

3. Formal intralist similarity, though affect- 
ing position naming, cannot be held entirely 
accountable for the results of the experiment. 


These findings support the generalization 
hypothesis in terms of the definition set forth. 
However, certain other findings made this 
definition somewhat tenuous, so it was necessary 
to conclude that the experiment did not ade- 
quately evaluate the hypothesis of generalization 
of serial position. 
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THE SHAPE OF THE DISCRIMINATION GRADIENT FOR 
TWO INTRACONTINUUM STIMULUS SEPARATIONS! 


GEORGE E. PASSEY AND PAUL N. HERMAN 
University of Alabama 


Two implications of Hull’s (1, 2) 
theory of discrimination learning con- 
cern the shape and slope of the dis- 
crimination gradient. In his Theorem 
13, Hull holds as follows: 


Theorem 13c—As the range of d is de- 
creased, the discrimination gradient con- 
necting S; and S: becomes less concave 
upward, passing into a slightly convex 
upward form after d = 30 (2, p. 74). 

Theorem 13d—As the range of d is de- 
creased, the more nearly vertical will be 
a straight line drawn from the reaction 
potentials of S; and S, (2, p. 74). 

Where S,; = The positive stimulus 

S. = The negative stimulus 
d = The intracontinuum difference 
between S; and Se in just no- 
ticeable differences. 
Reaction potential = A theoretical con- 
struct representing response strength. 


The literature contains no evidence 
bearing directly upon these implicates. 
The present investigation attempts to 
secure data that allow an examination 
of these theorems. Following ac- 
quisition of a visual intensity dis- 
crimination, presentation of stimuli at 
intensities intervening between the 
positive and negative stimuli should 
yield data that will reveal the shape of 
the discrimination gradient. The 
present experiment utilizes two in- 
tensity discriminations with separa- 
tions of positive and negative stimuli 
presumed to be less than 30 j.n.d.’s. 

Theorem 13c predicts for the two 
discrimination gradients of the present 
experiment a slightly convex upward 
form. The greater convexity should 
be demonstrated for the short intra- 


! This research was supported in full by the 
Research Committee of the University of 
Alabama. 


continuum stimulus separation. For 
Theorem 13d a more nearly vertical 
line will be predicted for the short 
intracontinuum stimulus separation 
than for the long separation when the 
terminal reaction potentials for each 
gradient are connected with a straight 
line. 


APPARATUS AND PROCEDURE 


Albino and pigmented rats, selected at 
random from a colony maintained by the Uni- 
versity of Alabama, were trained in visual in- 
tensity discrimination. An apparatus of floor 
plan and size comparable, except where noted, 
to that employed by Wilcoxon, Hays, and Hull 
(6), and described elsewhere, was utilized. The 
Ss were required to proceed from a starting box 
through an 11-in. runway illuminated at the ap- 
propriate stimulus intensity. At the end of the 
runway a door was encountered which, when 
raided by S, gave access to the goal box. All Ss 
were run after 22-hr. food deprivation. The 
apparatus was so arranged that depression of a 
switch by E activated a solenoid mechanism 
that simultaneously opened the door of the 
starting box and activated a timing device. 
Raising by S of the door separating the runway 
from the goal box served to interrupt a photo- 
electric relay which stopped the timing mech- 
anism. Elapsed time was recorded to a precision 
of .05 sec. The training consisted of four phases. 

Preliminary training——A familiarization 
period of six days was provided for all Ss. Each 
S was confined in the starting box for a period 
of 30 sec. The door was then opened and S 
given access to the illuminated runway. Half 
of the Ss were exposed to a runway illumination 
of 64 foot-candles while the remaining Ss were 
exposed to an illumination of 128 foot-candles. 
The intensity of illumination was determined by 
placing an exposure meter, especially designed to 
allow incident light determinations, upon the 
floor of the runway. On Day 1 the door sepa- 
rating the goal box from the runway was secured 
in the fully open position. On succeeding days it 
was lowered approximately one-fifth of the dis- 
tance per day so that on Day 6 S was required to 
open the door from the completely closed position 
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to gain access to the goal box. On each of the six 
days a container of moistened Purina Lab Chow 
was placed in the goal box. A maximum of 5 
min. was allowed in the runway; if S failed to 
enter the goal box at the expiration of 5 min. 
such entry was forced by E. After entry to the 
goal box S was allowed access to the food reward 
for a period of 5 min. On Day 6, Ss failing to 
enter the goal box within the 5-min. period were 
eliminated from further training. 

Acquisition of response to positive stimulus.— 
Each S was confined in the starting box for a 
period of 30 sec.; the door was then opened and 
S was allowed to proceed down the runway to the 
goal box in the presence of the positive stimulus. 
If S failed to enter the goal box in 90 sec., the 
trial was terminated and S was removed from 
the apparatus. The trial was scored as requiring 
infinite time. If S entered the goal box within 
the time limit, the elapsed time was noted and 
constituted S’s score for the trial. Time in the 
goal box during this phase was limited to 50 sec. 
and the reward used was a moistened pellet of 
Purina Lab Chow weighing approximately .4 
gm. Five trials were given S on each of eight 
successive days—a total of 40 trials. Trials were 
separated by approximately 5 min. An S failing 
to enter the goal box on ten successive trials 
was eliminated from further training. 

Discrimination training—For both the 128 
and 64 ft.-candle groups a negative stimulus of 
4 ft.-candles was employed. These distances 
were selected so as to provide a stimulus differ- 
ence value, d, which would be less than 30 j.n.d.’s. 
In one situation Lashley (3) found a discrimina- 
tion of 15% of a standard brightness. The more 
usual finding of both Lashley and Slater and 
Munn (5) places the differential threshold in the 
neighborhood of 50% of the standard. In terms 
of these findings our stimulus separations would 
appear to fall well short of a d value of 30 noted 
in Theorem 13c. 

Ten trials were given each day for a maximum 
of 32 days. Of the ten daily trials, three in- 
volved presentation of the positive stimulus and 
subsequeat reward while seven utilized the 
negative stimulus and nonreward, although S 
was always allowed to remain in the goal box for 
50 sec. after entering it. Order of stimulus 
presentation was randomized for each set of ten 
trials. In this phase of learning an S who failed 
to enter the goal box in 60 sec. was scored as 
requiring infinite time and removed from the 
apparatus. Running times were converted into 
rates through the use of reciprocals and means 
for positive and negative stimulus conditions 
computed. ‘Trials terminated by E and scored 
as infinite were assigned rates of zero. When- 
ever the daily mean rate for the positive stimulus 
trials exceeded the rate for negative trials, the 


daily performance was considered successful. 
The criterion of learning employed required that 
S perform successfully for 11 consecutive days 
within a 32-day maximum. Upon reaching the 
criterion S was advanced to the fourth phase. 

Determinations of the discrimination gradient. 
—A population of 36 Ss that reached the cri- 
terion prescribed in the previous phase was used 
in the gradient determinations. Groups of nine 
albino and nine pigmented Ss were employed for 
each stimulus separation. The test series 
utilized a period of four days immediately follow- 
ing the criterion day of the previous phase. On 
each of the four days a total of ten trials was 
given. Three of the ten daily trials involved 
presentation of the positive stimulus and were 
rewarded. The remaining seven daily trials 
were devoted to a determination of response 
strength to three intervening stimulus intensities 
and the negative stimulus, each unrewarded. 
Counterbalanced orders were employed so that 
stimuli other than the positive were presented 
seven times each over the 4-day test period. 
The positive stimulus was presented 12 times. 
For the group having as a positive stimulus 128 
ft.-candles, intermediate intensities of 64, 32, and 
16 ft.-candles were used. The 64 ft.-candle 
group was stimulated with intermediate in- 
tensities of 32, 16, and 8 ft.-candles. 


REsSULTs AND Discussion 


The data obtained in the gradient 
test series are summarized in Fig. 1. 
The median reaction latency (stg) for 
the group of Ss tested at each stim- 
ulus intensity was transformed into 
reaction potential (sEr) utilizing 
the equation of Hull: sEz = 2.845 
(str)~-** (2, p. 13), and plotted on the 
ordinate. In order to produce a scale 
for the abscissa conforming to a scale 
of just noticeable differences, as 
required by the theorem, the loga- 
rithms of the stimulus intensities were 
obtained. The differences between 
these logarithms were then plotted, 
taking the point of origin as the 
positive stimulus intensity. When 
the variances of the reaction poten- 
tials for their respective stimulus 
points were calculated, they were 
found to demonstrate nonhomoge- 
neity. It was not possible, therefore, 
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to evaluate the departure of the gra- 
dients from linearity. Inspection of 
the curves reveals them to be of a 
convex upward form. This finding 
agrees with the prediction of Hull for 
stimulus separations less than 30. 
We interpret this finding as support- 
ing Theorem 13c. 

Theorem 13d holds that a straight 
line drawn connecting the terminal 
reaction potentials of each of the 
discrimination gradients will yield a 
line of greater slope for the 644 ft.- 
candle group when compared with 
that for the 128-4 ft.-candle group. 
The slope of the line for the 644 ft.- 
candle group is —.88 and that for the 
128-4 ft.-candle group is —.85. 
While the difference in slope is in 
agreement with the prediction of the 
theorem, it is an extremely small 
difference. Since it is not possible to 
evaluate the significance of this find- 
ing, it can be considered only sug- 
gestive regarding conformity with the 
theorem. 

Hull’s Theorem 13e predicts that 
the net discriminatory reaction po- 
tential for the 644 ft.-candle group 
will fall below that for the 128-4 ft.- 
candle group at the positive stimulus 
point. Inspection of Fig. 1 indicates 
an inversion of these points. The 
difference between them is, however, 
not significant (¢ = 1.33, df = 34). 
For those stimulus separations em- 
ployed we interpret our finding as 
contradicting Theorem 13e. It may 
well be, however, that the separations 
employed in the present experiment 
were not sufficiently different to 
provide an adequate test of this 
theorem. The finding of the ex- 
tremely small difference in our test of 
Theorem 13d may also be a function 
of the stimulus separations chosen. 
Further evaluation of these theorems 
is necessary. 

Data summarizing the acquisition 
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Fic. 1. Brightness discrimination gradients 
plotted in reaction potential at points along the 
stimulus continuum differing in log value as 
indicated. 


of the simple running response for 
those 36 Ss reaching criterion per- 
formance are presented in Table 1. 
Inspection of these data indicates 
satisfactorily comparable performance 
of albino and pigmented Ss and 
absence of a stimulus intensity differ- 
ence in acquisition of this response. 
A comparison of pigmented and 
albino Ss with regard to acquisition of 
the required brightness discrimina- 
tions is also possible from the data 
obtained. The number of days neces- 
sary to reach the learning criterion 
was employed as an index of perform- 
ance. For the 64-4 ft.-candle group 
the pigmented Ss required a mean of 
19.33 days and the albino Ss a mean 
of 23.66 days while for the 128-4 ft.- 
candle group means of 16.77 and 21.11 
days, respectively, were obtained. 
These data do not include those Ss 
failing to reach criterion performance. 
In the group having a positive stim- 
ulus of 64 ft.-candles, and hence the 
short stimulus separation, two albino 
and three pigmented Ss failed to 
reach the criterion. In the group 
having a positive stimulus of 128 ft.- 
candles, and hence the long stimulus 
separation, one albino S failed to 
reach criterion performance. These 
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TABLE 1 


Summary or Learninc Data Utitizinc ReEciPRoca.ts 
or Reaction LaTEeNcIEs AS AN INDEX 























128 Ft.-Candles 64 Ft.-Candles 
Days Albino Pigmented Albino Pigmented 

Mean SD Mean SD Mean SD Mean SD 
1 088 .067 .063 .056 .098 075 .149 105 
2 .288 136 .160 .110 252 .166 .287 .210 
3 459 .267 406 .232 377 .201 400 219 
+ 552 .223 501 211 564 181 559 193 
5 .628 358 550 .203 602 .124 715 583 
6 545 .212 .723 .184 .662 .136 .764 185 
7 .760 .146 .809 .258 735 110 715 117 
8 .734 135 -762 145 .741 .098 .776 141 


























data were analyzed utilizing the 
technique of analysis of variance. 
Selection of the samples compared 
through the enforcement of the learn- 
ing criterion will underestimate the 
true difference between the albino and 
pigmented Ss. 

The interaction of strains and 
stimuli was not significant (F = 2.01, 
1 and 32 df). The F for the rate of 
acquisition as a function of stimulus 
intensity was 2.21 (p > .05, 1 and 32 
df), and the hypothesis of no difference 
in rate of acquisition as a function of 
stimulus intensity is accepted. The 
F for difference in performance be- 
tween albino and pigmented Ss was 
6.47 (p < .05, 1 and 32 df), and is 
considered to be evidence for a differ- 
ence in the rate of acquisition of the 
discriminatory response for the strains 
employed. This result taken with 
the finding of Lashley (4) that the 
pigmented S is superior to the albino 
S in form discrimination further in- 
dicates the desirability of employing 
the pigmented S where visual tasks 
are to be investigated. 


SUMMARY 


Two groups of Ss consisting of nine albino and 
nine pigmented Ss each reached a learning 


criterion in acquiring a differential running 
response to two intensities of illumination. One 
group was exposed to a large intracontinuum 
stimulus separation, 128 versus 4 ft.-candles, 
while the second group was exposed to a short 
intracontinuum stimulus separation, 64 versus 
4 ft.-candles. The criterion employed was 
reached by the pigmented Ss more rapidly than 
by the albino Ss. The probability of the oc- 
currence of the difference due to chance was 
<.05. 

After reaching the criterion Ss were tested for 
performance on intensities lying between the 
positive and negative stimuli in order to ascertain 
the shape of the gradient of reaction potential 
separating them. Hull’s theorem 13c, which 
holds that for a stimulus separation d less than 
30 a convex upward discrimination gradient will 
be obtained, is supported by our data. 

Evidence suggestive of conformity with Hull’s 
Theorem 13d was obtained. With increasing 
stimulus separation a straight line drawn be- 
tween the positive and negative stimulus reaction 
potentials is more nearly vertical for the short 
stimulus separation than for the larger stimulus 
separation. Also, data contradicting Hull’s 
Theorem 13e were obtained. The possibility of 
inadequate separation of stimuli was suggested 
as limiting the generality of this finding and 
that for Theorem 13d. 


REFERENCES 


1. Hutt, C. L. Simple qualitative discrimina- 
tion learning. Psychol. Rev., 1950, 57, 
303-313. 

2. Hutt, C. L. A behavior system. 
Haven: Yale Univ. Press, 1952. 


New 

















running 
n. One 
ntinuum 
candles, 
a short 
i versus 
ed was 
ily than 
the oc- 
nce was 


ested for 
reen the 
iscertain 
yotential 
» which 
ess than 
ient will 


th Hull’s 
creasing 
awn be- 
reaction 
he short 
stimulus 
+ Hull’s 
ibility of 
uggested 
ling and 


;crimina- 


950, 57, 


New 








DISCRIMINATION GRADIENT 277 


3. Lasutey, K. S. The mechanism of vision: 
II. The influence of cerebral lesions upon 
the threshold of discrimination for bright- 
ness in the rat. J. genet. Psychol., 1930, 
37, 461-480. 

4. Lasutey, K. S. The mechanism of vision: 
III. The comparative visual acuity of 
Pigmented and albino rats. /. genet. 
Psychol., 1930, 37, 481-484. 

5. Stater, J. E., @ Munn, N. L. A note on 


brightness vision in the white rat. J. 
comp. Psychol., 1932, 13, 273-277. 

6. Witcoxon, H. C., Hays, R., & Hutt, C. L. 
A preliminary determination of the 
functional relationship of effective re- 
action potential (sHp) to the ordinal 
number of Vincentized extinction reac- 


tions (#). J. exp. Psychol., 1950, 40, 194- 
199. 


(Received June 4, 1954) 





Journal of Experimental Psychology 
Vol. 49, No. 4, 1955 


A DEVELOPMENTAL STUDY OF TRANSPOSITION 


HAROLD W. STEVENSON, IRA ISCOE, AND CLAUDIA McCONNELL 
The University of Texas 


In several recent studies with pre- 
school children (1, 4) an attempt has 
been made to determine the changes 
that take place in discrimination 
learning and in transposition with 
increasing chronological and mental 
age. The results indicate that older 
preschool Ss learn a size discrimina- 
tion with greater ease than younger 
Ss, and that transposition to new 
sets of stimuli is greater for the 
older Ss. 

The purpose of the present experi- 
ment is to extend the age range 
beyond the preschool level and to 
explore the changes that occur in the 
learning and in the transposition of a 
size discrimination from the preschool 
through the adult years. 


MeETHOD 


Subjects—The Ss were obtained from (a) 
nursery schools in Austin, Texas; (b) public 
schools in Victoria, Texas; and (c) the Uni- 
versity of Texas.1 The public school Ss (20 


TABLE 1 


Tue Mean CA, MA, ann IQ or THE Ss 
Accorpinc To ScHoot Grape 














CA (Years) | MA (Years) 
Grade | N 2. 
Mean | SD | Mean| SD 
Preschool | 20} 4.6] .2 
2 20; 7.8] 2] 7.8] .5 | 100 
5 20} 11.0} .5 | 11.1] 8 | 101 
8 20} 13.8] .5| 13.8] .6 | 100 
10 20} 16.2] 4] 163; 6 | 101 
College 20 | 20.0 | 1.8 























1 We acknowledge the kind cooperation of the 
staff at the Jeffrey Nursery School and the Jack 
and Jill Nursery School, and of the principals 
and teachers of the Victoria, Texas, public 
schools. 


each from Grades 2, 5, 8, and 10) were selected 
on the basis of having IQ’s between 90 and 110 
as determined the preceding year by a group 
intelligence test (5). In each group there was 
an equal number of boys and girls and an equal 
number of Ss having IQ’s below and above 100. 
The nursery Ss (N = 20) were selected on the 
basis of CA alone (4 yr. 0 mo. to 4 yr. 11 mo.), 
since test results were not available for the 
determination of their MA. The college sample 
consisted of 20 undergraduate volunteers who 
were not psychology students. Ratings of MA 
were unavailable for these Ss, and no attempt 
was made to select Ss of a particular CA. The 
preschool and college groups were equally 
divided with regard to sex. No S had previ- 
ously participated in psychological experiments. 

Materials—The equipment consisted of a 
screen, a 14- X 9-in. board, and four 3-in.-sq. 
blocks. The screen was used to prevent S from 
observing £ arrange the blocks. Along the mid- 
line of the board were two holes, 14 in. in diam- 
eter and separated by 34 in., which served to 
contain the goal object (an eraser). On three 
sides of each hole was a raised wooden guide to 
facilitate the proper placement of the blocks over 
each hole. The board and blocks were painted 
flat black. Mounted in the center of each block 
was a white cardboard square, the stimulus to be 
discriminated. The top of each block was 
covered with a piece of clear Lucite to prevent 
soiling through handling. The areas of the 
squares on Blocks 1 to 4 were 3, 1, 2, and 4 
sq. in., respectively. 

Procedure-—The S was seated across the 
table from E and E demonstrated how the 
blocks fitted over the holes. The S was then 
told that E would hide the eraser and that the 
point of the “game” (or “experiment” for 
college Ss) was for S to find the eraser as often as 
possible. 

All Ss were trained on Blocks 2 and 3. The 
position of the blocks on the board was varied 
randomly, but the sequence was the same for all 
Ss. For half of the Ss the smaller stimulus 
was correct and for the other half the larger 
stimulus was correct. The training trials were 
continued until nine consecutive correct re- 
sponses were made. Immediately after this 
criterion was met the test trials were begun 
without comment. The Ss for whom the 
smaller stimulus had been correct on the training 
trials were tested on Blocks 1 and 2, and the Ss 
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Preschool 2 5 8 10 College 
GRADE 
Fic. 1. Mean and median number of trials 
required to learn the original discrimination. 


for whom the larger stimulus had been correct 
were tested on Blocks 3 and 4. The eraser was 
again under the smaller or larger block. The 
test trials were continued until five consecutive 
correct responses had been made. Following 
the test trials all Ss were asked how they knew 
where to find the eraser. 


ReEsuLts AND Discussion 


Training trials—The mean and 
median number of trials required to 
reach the training criterion (excluding 
the nine criterion trials) may be seen 
in Fig. 1. There is a marked curvi- 
linear relationship between trials and 
developmental level. The tenth 
grade and college Ss learned the dis- 
crimination only slightly faster on the 
average than the preschool and second 
grade Ss, and the Ss in Grades 5 and 8 
learned it with the greatest ease of all. 
When tested by Festinger’s F test (2) 
both the drop in means from Grade 2 
to 5 and the rise from Grade 8 to 10 
are significant beyond the .001 level 
of confidence (F = 2.99, df = 52,32; 
F = 2.59, df = 31,36). 

The decrease in trials through 
Grade 5 is in line with previous find- 
ings showing improved speed of learn- 
ing with increased chronological age. 
The rise in trials after this is un- 
expected, but may be understood on 
the basis of Ss’ verbalizations at the 
end of the experiment. The Grade 10 
and college Ss indicated that they 
expected a much more difficult prob- 


lem and tried to find a solution in the 
form of a complex sequence of posi- 
tions or stimulus patterns. Or, in 
some cases, Ss reported that they 
assumed success depended upon 
chance and that there was no solution 
at all. The set to solve a more com- 
plicated problem or to attain success 
by guessing was related to the slowness 
of these Ss in learning the simpler, 
successful response. 

Test trials—Three different meas- 
ures of transposition were available: 
(a) the mean number of relative 
responses on test Trials 1-5; (b) the 
proportion of Ss making a relative 
response on the initial test trial; and 
(c) the proportion of Ss making 
consistent relative test responses from 
the initial test trial through the test 
criterion. As may be seen in Fig. 
2 and 3, there is a tendency for the 
groups who learned the initial dis- 
crimination most readily (Grades 5 
and 8) to make the greatest number of 
relative test responses. However, chi- 
square tests of over-all differences be- 
tween grades yield p values greater 
than .20 for each criterion, indicating 
that the incidence of relative responses 
does not differ significantly through- 
out the age range tested. 

At no age level was transposition 
perfect for all Ss, even though at 
nearly every age level the performance 
was above chance. The significance 
of the departure from chance can be 
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Fic. 2. Mean number of relative responses 
made on the first five test trials. 
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Fic. 3. Proportion of Ss making relative 
responses on the first test trial and proportion of 
Ss making consistent relative responses through 
the test criterion. 


determined only for the responses on 
the initial test trial, since it is im- 
possible, with the testing method 
used, to determine the chance level 
for the other measures. On the 
initial test trial the performance of all 
groups was above chance except for 
Grades 2 and 10 (CR> 1.96, 
p < .05). 

At the end of the experiment all Ss 
were able to verbalize the relationship 
of stimulus size to correct solution, 
except for 12 Ss in the preschool 
group. These Ss learned the dis- 
crimination on the training trials 
somewhat more slowly than the 


verbal preschool Ss did (37.7 vs. 25.2 


trials), but the difference is not 
statistically significant (F = 1.50, 
p > .05). On the test trials the non- 


verbal Ss showed a lower incidence of 
relative choices than their verbal 
agemates, but again none of the 
differences was significant. 


In the light of these results it is of 
interest to consider the hypotheses of 
Koffka (3) and Kuenne (4) concerning 
developmental changes in transposition. 
Koffka (3, p. 141) has proposed that the 
tendency to make absolute rather than 
relative responses will increase with CA 
because of the improvement in S’s 
ability to discriminate the absolute 
qualities of the stimuli and to retain this 
discrimination on the test trials. 
Kuenne on the other hand has predicted 
that regardless of S’s CA a consistently 
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high level of relative responses should be 
found for stimuli one step removed from 
the training stimuli (as were the stimuli 
in the present experiment). For young, 
preverbal Ss this prediction is made on 
the basis of the generalization of excita- 
tory and inhibitory tendencies built up 
through conditioning, and for older, 
verbal Ss it is made on the basis of verbal 
mediation of the relative response. 

The failure to find significant differ- 
ences in the frequency of relative choice 
is contrary to the prediction of Koffka, 
but offers some support to that of 
WKuenne. However, the imperfect re- 
sponses on the initial test trial and the 
inconsistent behavior on subsequent 
trials indicate that the behavior was not 
guided solely by an implicit verbalization 
of the previously correct solution. Thus, 
although language may aid transfer, a 
simple verbal mediation hypothesis is an 
oversimplified description of the transfer 
behavior of the verbally sophisticated S. 


SUMMARY 


Six groups of 20 Ss were selected from pre- 
school, Grades 2, 5, 8, and 10, and college in 
order to explore the developmental changes in 
the learning of a size discrimination and in the 
transposition to a set of stimuli one step re- 
moved from the training pair. A decrease in 
learning trials was found through Grade 5, but 
a significant increase appeared following Grade 8. 
The incidence of transposition did not differ 
significantly among the groups. 
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THE INFLUENCE OF PAST ASSOCIATIONS 
UPON ATTRIBUTIVE COLOR JUDGMENTS 
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While color judgments are most fre- 
quently studied with stimulus factors 
as the independent variables, or as a 
function of adaptation conditions of 
the eye, it is quite likely that motiva- 
tional, cognitive, and, in’ general, 
experience factors are also determi- 
nants of attributive color judgments. 
One convincing demonstration of such 
influences is found in the now well- 
known experiment by Bruner, Post- 
man, and Rodrigues (2). These in- 
vestigators showed that color matches 
for familiar forms (i.e., tomato, lemon, 
etc.) were in accordance with the 
usual color attributes of the objects 
depicted even when the forms were 
presented as silhouettes of gray paper 
against a blue-green background. In 
their experiment all the silhouettes 
possessed an identical orangish hue 
by color contrast, and Ss were in- 
structed to manipulate red and yel- 
low sectors on a rotating color wheel 
to achieve the best match possible. 
The relationship among matches for 
different forms was predictable on the 
basis of consideration of the natural 
colors of the objects pictured and 
could not be attributed to differences 
in actual color of stimuli. Such an 
influence upon color judgments must 
be dependent upon past commerce 
with the objects such that color-form 
associations are learned. 

The question remains, however, as 
to the conditions and the nature of the 
learning which takes place and shows 
its residual effects in future percep- 
tions. The types of objects repre- 
sented in the study by Bruner, Post- 
man, and Rodrigues undoubtedly 
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were very familiar to their Ss, who 
presumably had come in contact with 
the objects in their natural colors a 
great many times. Thus, both the 
forms and their colors might be ex- 
pected to have become clearly differ- 
entiated from other familiar objects. 
One might well wonder if such a pro- 
tracted series of learning trials is a 
necessary condition for past associ- 
ations to affect color judgments. 
Furthermore, drive reduction of a 
basic sort quite probably was inti- 
mately related to many experiences 
Ss had had with objects of the type 
used in the previous experiment. 
The necessity of this condition of 
learning in the production of percep- 
tual effects is as yet unestablished. 
In addition, it needs to be recognized 
that familiar objects are often en- 
countered in terms of verbal symbols. 
Whether or not spoken or read verbal 
symbols for attributes of objects can, 
in and of themselves, influence the 
perceptions of the objects is still an 
unanswered question. 

The present experiment purports to 
shed some light on these questions 
raised by the former investigation. 
Following the findings of Solomon 
and Postman (4) that threshold rec- 
ognition times for tachistoscopically 
presented stimuli show great changes 
over frequencies of prior exposure be- 
tween 0 and 25, it is hypothesized 
here that influences upon attributive 
color judgments, similar to those ob- 
served by Bruner, Postman, and 
Rodrigues, may be brought about by 
relatively few color-form exposures of 
unique nonsense forms. While it is 


— 
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extremely difficult to make unequiv- 
ocal inferences concerning human 
motivation, an effort was made to 
form the desired associations without 
depending upon high motivation or 
obvious drive reduction. Further, 
because of the current importance 
placed by Vernon (5) and others upon 
the influences of “naming”’ or labeling 
upon perception, it is also hypothe- 
sized that a comparable effect upon 
attributive color judgments may be 
accomplished by simply associating 
color names or labels with neutral gray 
nonsense forms. 


PROCEDURE 


The procedure of the present experiment was 
similar to that of Bruner, Postman, and Rodri- 
gues; the major change was the use of unique 
nonsense forms and a pretest situation during 
which color associations were learned for the un- 
familiar forms. 

Twenty-six Ss, all university students with a 
maximum of 3 hr. credit in psychology, par- 
ticipated in the experiment. Upon entering the 
experimental room, each S was told that he was 
to be an S in an experiment on association and 
that he would be shown a number of forms paired 
with color names. His job was to say aloud the 
appropriate color name upon seeing the form 
alone, and he was told to check himself when the 
printed word appeared. 

During the pretest situation six different 
form-color name pairs were presented 14 times 
each in an order determined from a table of 
random numbers. Each form was made up of a 
complex combination of straight and curved 
lines, and an effort was made to have each form 
distinctively different from each other form and, 
at the same time, to have no form bear a re- 
semblance to any familiar object or shape. The 
forms were all about 2} in. high and 1} in. wide 
and each was cut from paper and mounted on a 
separate 2 X 3}-in. white card over which a 
piece of clear acetate was fitted. Three of the 
six forms were chosen to test the hypothesis that 
color labeling alone might affect color judgments 
and, therefore, these forms were always pre- 
sented as neutral gray (Stoelting paper No. 19). 
One form was paired with the word “yellow,” 
another with the word “orange,” and the third 
with the word “red.” These words were written 
in large black capital letters on separate white 
cards. The remaining three forms were used to 
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present color as an attribute of form. One form 
was cut from yellow paper, one from orange 
paper, and the third from red paper (Stoelting 
Nos. 5, 3, and 1, respectively). Each of these 
forms was paired with its correct color label. 
Because of the possibility that the shape of the 
colored forms might be ignored in favor of the 
simpler color-color label association, identical 
neutral gray replicas of these three forms were 
also used. For 7 out of the 14 exposures of each 
of these forms the figure itself was colored, and 
for the other 7 exposures the neutral gray figures 
were employed, keeping the same form-color 
label relationships. 

The apparatus used to expose the pairs of 
cards presented to S a 24 X 36-in. gray painted 
screen in the center of which were two covered 
rectangular apertures, 2 X 3} in. in size and 
1} in. apart. Following a ready signal, the 
shutter behind the right-hand window was raised 
to expose a form lighted by a 7}-w. bulb behind 
the screen. After a 2-sec. interval the mech- 
anism driven by a Bodine synchronous motor 
automatically raised the left-hand shutter to 
expose the lighted card upon which the paired 
color label was printed. The form and its 
color label remained exposed together for 
another 2 sec. following which both shutters 
lowered simultaneously. After approximately 
10 sec., during which necessary card changes 
were made, the next trial was begun. The entire 
84 exposures were given without rest periods, 
each trial being separated from the next by the 
10-sec. interval only. 

At the end of the part of the session in which 
forms and their color labels were exposed, Ss 
were led to believe that the experiment was over. 
They were told so and, in addition, they were 
asked if they had discovered “the pattern” 
which was implied to exist in the actually 
random order of exposures. After a few minutes 
conversation about the pseudo explanation of 
the experiment, each S was asked if he would be 
willing to stay a few more minutes to help test 
an apparatus which E was setting up for another 
staff member. All Ss complied with the request 
and they were then tested for color matches of 
the forms employed in the previous part of the 
session. The use of the same forms was explained 
by saying that some old cards were left over, and, 
since the apparatus was merely being tried out, 
cards which were handy were being used. To 
assure further that Ss had not discovered the re- 
lationship between the two parts of the session, 
and therefore had reacted in terms of what was 
presumed to be expected of them, each S was 
questioned when the experiment was in fact over. 
The very rare S who did not admit that he had 
been successfully duped was dropped from the 
study. Care was taken to solicit each S’s co- 
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operation in keeping information about the 
experiment from spreading to other potential Ss. 

For the color-matching part of the experi- 
ment, S was seated in front of a gray painted 
screen containing an 8-in. diameter aperture 
backed by a sliding door. He was instructed 
that he would be asked to look for 15 sec. at a 
card with a dull colored figure on it and then he 
was to attempt to make the best color match 
possible from memory. He was informed that 
when the sliding door was raised he would see a 
rotating colored disc of a color wheel and that he 
could instruct E to add more red or more yellow 
as the case required. Through a series of such 
adjustments he was to achieve the most satis- 
factory match he could. 

For use in the color-matching series enlarged 
(3 X) replicas of the six forms were made from 
neutral gray paper (Stoelting No. 19), and each 
was mounted on a separate 6 X 8-in. blue-green 
background (Stoelting No. 10) such that a dull 
orange contrast color was produced. Each card 
was covered with slightly opaque tracing paper 
to enhance the contrast effect. In addition, the 
shade in the experimental room was drawn and 
artificial lighting from a ceiling fixture was used 
to aid the illusion. 

The color match for a given form was made 
from memory immediately following the 15-sec. 
exposure period. Each time S instructed E to 
adjust the rotating disc the sliding door was 
closed, the color wheel stopped, and an ap- 
propriate small change in proportionate sizes of 
red and yellow sectors was made. At no time 
was S allowed to observe the stationary wheel to 
see the actual sizes of the sectors. In cases 
where the “correct” matching position was 
exceeded, an adjustment in the reverse direction 
was allowed. All final matches were recorded in 
terms of the percentage of yellow used in the 
red-yellow mixture. 

In order to control for errors of habituation 
and expectation, Ss were divided randomly into 


two subgroups, Group A and Group B, and 
matching was started from opposite ends of the 
red-orange-yellow continuum for the two groups. 
The order of presentation of forms for all Ss 
(Groups A and B), with the color from which 
matching started for Group A in parentheses, 
was: orange labeled (red); red as attribute 
(yellow); yellow as attribute (red); yellow 
labeled (yellow); orange as attribute (yellow); 
and red labeled (red). Within each group the 
two forms associated with red (one associated 
with color as an attribute and one labeled with 
the color name only) were matched starting from 
red once and from yellow once. Similarly the 
matching for the other forms was carried out 
with counterbalancing for the expected direction 
of adjustment. 


RESULTS 


Table 1 shows the means and SD’s 
of the percentages of yellow used by 
the groups separately and combined 
for each of the six forms. The data 
for the combined groups are plotted in 
Fig. 1. For both color association 
through color as a perceived attribute 
and through color labeling alone, the 
combined groups used the highest per- 
centage of yellow to match forms 
formerly associated with yellow, the 
next highest percentage to match 
forms associated with orange, and the 
smallest percentage to match forms 
associated with red. The same pat- 
tern was seen in Groups A and B with 
the exception of a relatively small 
reversal for Group B on the color- 
labeled forms. Except for the form 


TABLE 1 


Means anv SD’s or Percentaces oF YELLOw Usep to Matcu Constrast CoLor oF 
Forms Previousty AssociaTED witH CoLtors 1n OnE or Two Ways 








Color as Attribute 


Color Labeled 





Group Yellow Orange Red Yellow Orange Red 





Mean SD Mean} SD Mean 





70.31 | 18.22 | 69.00 | 20.53 | 68.08 
77.54 | 15.43 | 53.69 | 21.37 | 46.23 
h_ | 73.92 | 17.29 | 61.35 | 22.44 | 57.15 


F wp 




















17.60 | 78.15 | 17.46 | 66.31 | 18.87 | 58.07 | 21.62 
20.38 | 62.00 | 21.95 | 65.08 | 14.88 | 56.38 | 25.84 
21.97 | 70.08 | 21.39 | 65.69 | 17.02 | 57.23 | 23.82 
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Each point is an average for 26 Ss. 


which had had red as an attribute, 
Group A used more yellow on the 
average in its matches than did Group 
B. No appreciable or consistent dif- 
ferences appeared to exist between the 
two types of color association in the 
absolute amounts of yellow employed 
in the color matches. 

To assess the statistical significance 
of the results, two parallel analyses of 
variance were undertaken. A sum- 
mary of these analyses is presented in 
Table 2. Considering first the results 
for the forms for which color was as- 
sociated as an attribute, the variance 
attributable to colors, using the resid- 
ual as the error term, is significant 
(p < .01). However, the generality 
of this result is conditioned by the 
fact that the Color X Group inter- 
action was also significant, and the 
Between Colors variance was not 
shown to be significant over and above 
this interaction. With the mean 
square for Between Ss within the same 
group as the error term, the Between 
Groups variance was not significant. 
However, the variance Between Ss 
within the same group was significant 
beyond the 1% level when the resid- 
ual mean square was uséd as the 
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error term, thus indicating significant 
individual differences among Ss. 

In the data on matching of forms 
which were merely labeled with color 
names, only one important difference 
in the results of the two analyses is 
revealed. In this case, the Color X 
Group interaction was insignificant. 
Consequently, the interaction vari- 
ance was pooled with the residual 
variance to obtain a total residual 
based on 50 df for use as an error term. 
As when color was associated as an 
attribute of the forms, both Between 
Colors and Between Ss within the 
same group were shown to be signifi- 
cant sources of variance, although the 
level of confidence is somewhat less. 
Again, Between Groups variance indi- 
cates that the starting point of ad- 
justments for color matches is not a 
significant variable. 

The analyses of variance attest to 
the fact that the three sets of color 
matches for each type of color associ- 
ation could not have been drawn from 
the same population by chance alone. 
Figure 1 illustrates the similar general 
downward trends of the relationships 
for the two types of association pro- 
cedure. For the purpose of evaluat- 
ing the significance of the differences 
between the three points on each in- 
dividual curve, the appropriate resid- 
ual mean square provides the best 
estimate of error variance. With this 
error term, a difference of 5% or more 
in the amount of yellow used in 
matches is needed to indicate signifi- 
cance at the 5% level when color is 
associated as an attribute of form. 
A difference of 8% or more indicates 
significance at the 1% level. The 
comparable treatment of data for 
forms which were only labeled shows 
that differences of 6% or more are 
required to reach the 5% level of con- 
fidence and 8% or more for the 1% 


level. Thus, yellow-orange and yel- 
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low-red differences are significant at 
the 5% level or better for color associ- 
ated as an attribute of form, while 
orange-red and yellow-red differences 
for forms associated with color by 
labels alone are significant. However, 
the present data do not allow for a 
more refined description of the shapes 
of the relationships between amount 
of yellow needed for matching forms 
and the previous color associates of the 
forms. : 


Discussion 


The results in this experiment indicate 
that attributive color judgments do not 
depend solely upon wave length of stimu- 
lus light, size and brightness of stimuli, or 
adaptation conditions of theeye. Forms 
with identical physical energy character- 
istics are judged partially upon the basis 
of past color associations with the shape 
of the forms. In the present case color 
labeling alone, i.e., associations with 
verbal symbols for colors, was capable of 
exerting an influence upon future per- 
ceptions, and this type of association ap- 
peared to be as effective as when both 
perceived color and color name associa- 
tions were combined. Apparently wide 
differences between associated colors are 
not necessarily required for the effects of 
previous learning to be detected in color 
matches. 

Of particular interest is the finding that 
as few as 14 pairings were sufficient to 
“build in” color associations strong 
enough to affect perceptions. The unique- 
ness of the forms used precludes the 
assumption of the existence of color as- 
sociates prior to experimental treatment. 
It is noteworthy that no S made any 
erroneous anticipations in the last 16 of 
the 84 exposure trials, and many Ss had 
ceased making errors several trials before 
that. As far as the verbal learning in 
the pretest situation was concerned, 84 
trials permitted a fair degree of overlearn- 
ing. Undoubtedly this finding is de- 
pendent upon the fact that clearly dis- 
tinguishable forms were employed and 
that only three different responses were 
required. Had similarity factors been 


TABLE 2 


Summary or ANALYSES oF VARIANCE 








Source af P nn F p 





Color as attribute 
Between groups 1 | 1940.01 
Between Ss within 

same group 24| 840.75| 4.891*| <.01 
Between colors 2 | 1980.17 | 11.518* | <.01 
Colors X Group 2|1512.55| 8.789*| <.01 
Residual 48| 171.92 


Total 

Color labeled 

Between groups 1} 788.51 

Between Ss within 
same group 24] 904.50) 3.865t | <.01 

Between colors 2} 1108.67| 4.737¢| <.05 

Color X Group 2) 468.05 


Residual 48| 245.12 
Total residual 50| 235.04 
Total 77 

















* Residual used as error term. 
t Total residual used as error term since interaction 
variance was not significant. 


different and entailed greater similarity 
among forms, generalization influences 
would have been expected to render 
differentiations more difficult, and, con- 
sequently, learning would have been ex- 
pected to require more-trials. No indi- 
cation could be found in the data to 
signify greater difficulty in learning as- 
sociations between gray forms and color 
names than in learning associations be- 
tween colored forms and color names. 
Apparently previous experience had con- 
ditioned perceived color and symbolized 
color to be functionally quite equivalent. 

The present case for the relatively 
minor role of motivational factors in pro- 
ducing perceptual effects by past color 
associations is admittedly weak. The 
pretest situation contained all the re- 
ward opportunities to be found in many 
human learning experiments, and un- 
doubtedly correct anticipation of a color 
name was accompanied by reduction in 
some form of secondary motivation. 
However, no attempt was made to highly 
motivate Ss and the situation would not 
be justifiably described as very ego- 
involving. The most that can be said on 
the issue of motivational influences in the 
present experiment is that no depend- 
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ence upon primary drive reduction was 
demonstrated. 

While there is little doubt about the 
rejection of the null hypothesis concern- 
ing differences between matches for forms 
with different past color associations, 
certain restrictions upon the generality of 
the present results need to be recognized. 
In one analysis of variance there was in- 
dication of the dependence of the ob- 
tained effect upon interactions between 
color associates and the conditions of the 
measurement of color matches. Already 
mentioned is the possible difference in 
findings which might accompany vari- 
ation in the particular degree of similar- 
ity among forms. Furthermore, this 
study tells us nothing about color 
matches not made from memory. As 
Postman (3) has pointed out, memory 
traces can be considered as functionally 
similar to small amounts of stimulus 
information in direct perception, and, as 
such, experience factors are particularly 
likely to reveal themselves under these 
conditions. Further, this investigation 
can shed no light upon the question of 
whether or not specific responses must 
be made to stimuli in order for past learn- 
ing to affect perception of the stimuli in 
the future. The results of Postman and 
Conger (cited in 1) would indicate that re- 
sponse must accompany stimulation to 
affect recognition thresholds of stimuli 
presented tachistoscopically. Here ver- 
bal responses were involved, although per- 
haps not necessarily as a requirement for 
the perceptual influences to be shown. 
Possible differences between perceived 
colors and written color names in evoking 
verbal responses (perhaps implicit) de- 
serve note. Finally, it is pertinent to 
point out that further study is needed to 
yield information concerning retention of 
associations as they affect color judg- 
ments. In the present experiment the 
effect of a relatively few past color as- 
sociations has been shown to influence 
attributive color judgments made al- 
most immediately following learning. 
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SUMMARY J 
In order to investigate the hypothesis that 
attributive color judgments are functions of past 
color associations, 26 Ss were shown six nonsense 
form-color name pairs 14 times each and then 
were asked to match from memory the color of 
each form as it appeared when shown as a gray 
silhouette with a dull orange contrast color. In 
the pretest situation three associations involved 
labeling alone for neutral gray forms; the other 
three included color as a perceived attribute of 
the forms. Color matches were recorded in 
terms of the percentage of yellow in a red-yellow 
mixture on a color wheel. 


1. Color matches for forms associated with 
yellow, orange, and red required decreasing 
amounts of yellow in that order. Color labeling 
alone produced the same effects as labeling 
plus perceived color. 

2. Analyses of variance showed the differ- 
ences between matches to be statistically 
significant. Only two comparisons between 
matches for pairs of forms failed to show 
significance. 

3. Significant individual differences between 
matches for different Ss were found when color 
was an attribute of forms. 

4. The results support the hypothesis that 
attributive color judgments depend upon past 
color associations as well as physical energy 
factors and adaptation conditions of the eye. 
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IMPLICIT VERBAL CHAINING iN PAIRED-ASSOCIATE 


LEARNING! 


WALLACE A. RUSSELL AND LOWELL H. STORMS 


University of Minnesota 


The role of covert symbolic proc- 
esses in behavior determination has 
been emphasized by many psycho- 
logical theorists, but the relative lack 
of supporting experimental evidence 
for this influence has been noted by 
several writers (2; 8, p. 110). Among 
the various factors deemed relevant 
to the operation of mediational or 
symbolic processes, the verbal habits 
of the individual have been promin- 
ently suggested. The work of Foley 
and Cofer (3) on verbally mediated 
generalization, and of Bousfield (1), 
Jenkins and Russell (6), and others 
working with recall, have established 
that the influence of such verbal 
associations can be studied effectively 
under experimental conditions. 

While the mediational role of word 
associations has been demonstrated in 
several performance situations, there 
are surprisingly few studies which 
report positive findings with regard to 
the effects of mediated associations 
upon learning. Bugelski and Schar- 
lock, using paired-associate learning 
and nonsense syllables, have provided 
what they term a “reasonably clear- 
cut demonstration of mediated asso- 
ciation in the learning of verbal 
material” (2, p. 337). Their Ss 
showed facilitated learning of A-C 
associates when another term, B, pre- 
sumably intervened between A and C 
as a consequence of previous learning 
of associations A-B and B-C. The 
term B, then, provided an implicit 


1 This study is part of a larger series of studies 
of verbal behavior being conducted at the 
University of Minnesota. The series is being 
sponresod by the Office of Naval Research 
(Contract No. N8 onr-66216) under its policy 
of encouraging basic research. 


common term which was elicited by A 
and which in turn tended to elicit C. 
This mediation of the correct response 
C occurred even though Ss did not 
report deliberate use of the common 
term as a mnemonic device. The 
Bugelski and Scharlock data provide 
a much clearer instance of mediation 
than did the earlier experiments of 
Peters (12). Although the latter 
obtained some positive results, the 
majority of his test situations failed to 
demonstrate mediational effects. 
Both Bugelski and Scharlock and 
Peters worked with associations 
learned within the context of the ex- 
periment and neither considered situa- 
tions involving more than one 
intervening term. Nevertheless, ap- 
plications of the mediation hypothesis 
have frequently referred to existing 
language habits and have almost 
always involved reference to a “chain” 
of several intervening terms which are 
linked on an associative basis. Uni- 
process theorists who, according to 
Harlow (4, p. 452), maintain that 
“thinking is dependent only upon the 
formation and appropriate elicitation 
of a vast number of simple associa- 
tions” have most commonly assumed 
that (a) mediational effects can occur 
across several intervening terms, and 
(b) these influences are at least as 
strong for associations between real 
words as between nonsense syllables. 
Hull’s concept of pure stimulus acts 
(5), Miller’s extension of the notion 
of verbally mediated generalization 
(10, p. 181), and Osgood’s discussion 
of thinking (11, p. 638) are but a few 
examples in which one or the other 
of these assumptions has been made. 
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However, neither Peters nor Bugelski 
and Scharlock provide a basis for 
these assumptions. 

The purpose of this experiment was 
to test the adequacy of the above 
assumptions by observing the effects 
of mediating verbal processes on 
paired-associate learning when the 
mediating process is implemented in 
part by pre-existing language habits 
and extends over more than one 
implicit verbal term. 


METHOD 


Design.—The design of this study was similar 
to that of Bugelski and Scharlock (2). Their Ss 
learned three paired-associate lists: List 1 
established A-B associations; List 2, B-C asso- 
ciations; and List 3 tested for mediation effects 
in the learning of A-C associations. In the study 
reported here, real words were used rather than 
nonsense syllables, and two implicit terms rather 
than one linked the pairs learned on the test 
trials. Here, the learning of List 1 established 
A-B associations. The B term was in each case 
a stimulus word from the Kent-Rosanoff asso- 
ciation test (7). Recently obtained norms for 
responses on this test? then made it possible to 
infer certain B-C associations without establish- 
ing them experimentally. Similarly, other un- 
published studies provided normative data con- 
cerning the most frequent associative responses 
(D) made to the C terms. Thus, once the A-B 
associations were learned, it was possible to infer 
an associative chain leading from A to B to C 
toD. The test for mediational effects was made 
by requiring Ss to learn a list containing A-D 
pairings and appropriate control pairings (A-X) 
of nonchained terms. It was hypothesized that 
the A-D pairings would be learned more easily 
than the A-X pairings. The manner in which 
associative chains might facilitate the elicitation 
and learning of A-D pairs is schematically 
illustrated as follows: 
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Broken arrows indicate the association to be 
learned in each list. Solid arrows represent 
associations established before a list is learned. 
It can be seen that associations existing before 
the learning of the test list provide an indirect 
linkage of the A and D terms which must become 
associated in the chaining paradigm. In the 
control paradigm, a similar linkage exists between 
A and D, but no such connection can be inferred 
between the A-X pairs which are to be learned. 

Construction of paired-associate lists —Tables 
1 and 2 contain the associative frequencies from 
the norms® for the three most frequent responses 
to the words relevant to this experiment. Table 
1 provides this information for the ten Kent- 
Rosanoff stimulus words employed and Table 2 
provides analogous data for the most frequent 
responses to those ten words. 

Table 3 contains the nonsense syllables, the 
particular associative chains, and the control 
words used throughout the experiment. List 1 
(A-B pairings) was made up of the nonsense 
syllables in Column A and the corresponding 
words in Column B. Columns B, C, and D list 
the verbal associative chains (B —~ C— D) de- 
rived from the normative tables. Two test lists 
were formed. One combined the first five 
nonsense syllables of Column A with the five 
corresponding words of Column D and the last 
five nonsense syllables with the corresponding 
words of Column X. The other combined the 
first five nonsense syllables in Column A with the 
five corresponding words of Column X and the 
last five nonsense syllables with the five cor- 
responding words of Column D. Thus the two 
lists were counterbalanced and each contained 
five A-D and five A-X pairs. The response 
words of Form 1 of the test list are followed by a 
“1” in the table; the remaining words made up 
Form 2. 

The ten nonsense syllables of Column A were 
selected from Melton (9), and all had Glaze 
association values of 0%. The ten verbal 
chains listed in Columns B, C, and D of the 
table were selected so that as far as the complete 
norms would indicate, no word in any chain ap- 


Associations Inferred 


List 1 
Chaining Paradigm Ai-:->B, 
Control Paradigm Az: -->Be 


from Norms 


List 2 (Test List) 


(B:>C,D)) Ai Stee SER SSS > D; 
\(BC))7 
(BC: Dz) Ag Pp CEO COR COD 6% > Xe 
“ (B:>C:—Dz) 


2 Revised norms for 100 words from the Kent-Rosanoff word-association test were obtained from 


1008 students in beginning psychology classes at the University of Minnesota. 


This work was 


carried out as part of a larger project on verbal behavior. Information concerning these norms may 


be obtained from the authors. 
3 See footnote 2. 
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TABLE 1 


AssociaTIVE FREQUENCIES OF THE THREE Most Frequent RESPONSES 
to Ten Kent-Rosanorr Stimutus Worps 


(Based on R’s from 1008 Ss) 














Stimulus we f om und f —— f 
STEM FLOWER 402 PLANT 224 LEAF 125 
MEMORY MIND 119 REMEMBER 99 FORGET 
SOLDIER ARMY 187 SAILOR 182 MAN 101 
TROUBLE BAD 89 SHOOTER 49 WORRY 45 
WISH WANT 124 DREAM 118 DESIRE 112 
JUSTICE PEACE 250 LAW 182 COURTS 163 
THIEF STEAL :286 ROBBER 138 CROOK 69 
OCEAN WATER 314 SEA 233 BLUE 111 
COMMAND ORDER 196 ARMY 102 OBEY 78 
FRUIT APPLE 378 VEGETABLE 114 ORANGE 94 














peared among the ten most frequent responses to 
any word in any other chain. In addition, no 
final word (D) in a chain appeared as a response 
to the first word (B) more than seven times in the 
1008 responses to that word in the norms. It 
may be noted that while Column C is essential 
to the construction of the ten associative chains, 
no words in that column appeared in any of the 
experimental lists. The control words in 
Column X were chosen from the Kent-Rosanoff 
list such that none appeared among the ten most 
frequent responses to any of the chained words 
and no chained word appeared among the ten 
most frequent responses to a control word. 
Finally, the control words were matched with 
the final words of each chain on the basis of 
Thorndike-Lorge (13) frequency as a partial 


equalization of difficulty between control and 
experimental words. 

Procedure.—Twenty-seven sophomore women 
from a beginning psychology class served as Ss. 

Following general instructions on paired- 
associate learning, each S learned List 1 on a 
standard Hull-type memory drum. Each stimu- 
lus word was exposed for 2 sec. before the re- 
sponse word appeared beside it for another 2- 
sec. period. The next stimulus word followed 
immediately, except that 4 sec. elapsed after 
each complete trial through the list. The S was 
required to learn the ten: pairs in List 1 to a 
criterion of three consecutive trials in which all 
response words were correctly anticipated. To 
control for serial position effects, the list was 
presented in three successive random orders of 


TABLE 2 


AssociaTIVE FREQUENCIES OF THE THREE Most Frequent REsPoNSsES 
To Ten Primary Responses To Kent-Rosanorr Stimutus Worps 


(Based on R’s from 100 Ss) 














Word ted f Sosegtucy f Tegiesy f 
FLOWER SMELL 15 ROSE 12 PRETTY 12 
THINK 
MIND BRAIN 15 MATTER 14 om. } 12 
ARMY NAVY 39 SERVICE 7 =" 4 
MAN 
BAD GOOD 71 EVIL 4 MEAN 3 
WANT NEED 27 DESIRE 19 HAVE x 
PEACE WAR 42 DOVE 10 QUIET 8 
STEAL TAKE 14 THIEF 10 ROB 8 
WATER DRINK 19 THIRSTY 14 WET 11 
ORDER DISORDER 14 COMMAND 6 STOP 5 
APPLE TREE 16 RED 14 ORANGE 13 
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TABLE 3 


Nonsense Sy.iasies, AssociaTIVE CHAINS, 
AND Controt Worps UseEp 1n FormInG 
THE Parrep-AssociaTE Lists 











A B Cc D x 
Non- First Second Final 
sense | Chained | Chained| Chained nae 
Syllable | Word Word Word 





CEF STEM SMELL (1) | Joy 











DAX MEMORY | MIND MATTER (1)| AFRAID 

YOV |SOLDIER | ARMY NAVY (1) CHEESE 
vUX | TROUBLE | BAD coop (1) MUSIC 

WUB | WISH WANT NEED (1) TABLE 

GEX |JUSTICE | PEACE WAR HOUSE (1) 
jip THIEF STEAL TAKE SLEEP (1) 
ZIL OCEAN WATER | DRINK DOCTOR (1) 
LAJ COMMAND] ORDER | DISORDER | CABBAGE (1) 
MYV | FRUIT APPLE RED HAND (1) 








Note.—The words and syllables were presented in 
capital letters exactly as above. e response words 
of Form 1 of the test list are followed by a ‘‘1.” 


pairs before the first order was repeated. Three 
Ss failed to reach the criterion on List 1 within 
40 min. and were not used further in the ex- 
periment. 

After a pause of 4 min., each remaining S was 
presented with either Form 1 or Form 2 of the 
test list. The Ss were instructed that the 
procedure was exactly the same as for List 1 and 
were urged to do their best on the test list. 
Since one S failed to reach the criterion of one 
trial in which all the response words were cor- 
rectly anticipated, there remained 23 Ss for the 
final analysis of results. Twelve of these learned 
Form 1 of the test list and 11 learned Form 2. 

For each S, all correct anticipations and errors 
were tabulated for both List 1 and the test list. 
Measures used in the final analysis were: (a) 
the number of trials required to reach the cri- 
terion on List 1; (b) the number of mediated 
(D) and unmediated (X) responses occurring in 
the first five different correct anticipations by 
each S; (c) the total number of correct responses 
made for the mediated (D) and unmediated 
(X) words during the test trials. 

Control experiment.—Twelve additional fe- 
male Ss from the same population were used in a 
subsequently performed control experiment 
designed to allow a comparison of the learning 
of A-D and A-X pairs in a situation where 
associative chaining could not differentially 
contribute to the learning of the pairs. Instead 
of learning List 1, these Ss first learned either 
Form 1 or Form 2 of the test list. The second 
list was the other form of the test list. Thus, 
in the control experiment, associative facilitation 
due to A—B-C-—D linkages was not 
possible because the A-B associations of List 1 
were not learned by any S. The analysis of 
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results for the control Ss was based on measures 
similar to those of the main experiment. 


RESULTS 


Since two forms of the test list and 
two groups of Ss were involved in the 
design, the equivalence of the two 
lists and the two groups must be 
established before the combined re- 
sults can be dealt with. An analysis 
of the mean number of trials required 
to reach the criterion of learning on 
List 1, which all Ss learned, indicated 
that the 12 Ss who subsequently 
learned Form 1 of the test list did not 
differ significantly (t = .52) from the 
11 Ss who subsequently learned Form 
2 of the test list. The mean for the 
former group was 25.00 (SD = 9.17); 
for the latter it was 22.91 (SD = 9.30). 
With respect to performance on the 
two forms of the test list, the mean 
number of correct anticipations per S 
during learning did not differ signifi- 
cantly between Forms 1 and 2. The 
means for Forms 1 and 2 were, 
respectively, 67.08 (SD = 30.75) and 
58.09 (SD = 17.04). The Behrens- 
Fisher d of .87 did not allow rejection 
of the null hypothesis concerning form 
differences. 

As a consequence of these com- 
parisons, the results from Forms | and 
2 of the test list were combined. In 
order to determine whether the re- 
sponse terms for A-D pairs, for which 
associative chaining was _ possible, 
were more easily elicited during the 
early trials, an analysis was made of 
the first five different correct responses 
made by each S. Of the 115 responses 
in this analysis, 67 were members of 
“chained” A-D pairs and 48 were from 
“unchained” A-X pairs. The normal 
curve approximation to the binomial 
indicates that a result this large and 
in this direction would occur by 
chance less than 4 times in 100 if the 
probabilities of successes for A-D and 
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A-X pairs were equal. Of the 23 Ss 
in this part of the experiment, 19 
showed more chained than unchained 
responses in their first five different 
correct responses. The same one- 
tailed binomial test indicated that 
this result would occur by chance only 
1 time in 1000 if the probabilities of 
successes for all pairs were equal. 
The conclusion that chained words 
were more easily elicited during the 
early trials of learning seemed war- 
ranted. 

The major purpose of the experi- 
ment, however, was to compare the 
ease with which chained and un- 
chained pairs were learned. The 
design allowed this comparison to be 
made with each S acting as her own 
control. Since each S learned an 
equal number of chained (A-D) and 
unchained (A-X) pairs, the total 
number of correct anticipations by 
each S for the unchained pairs was 
subtracted from the corresponding 
total for chained pairs. If there is 
facilitation of the learning of chained 
pairs (i.e., S has a larger number of 
correct anticipations on the A-D than 
on the A-X pairs) this difference will 
be positive. Over all Ss the mean 
difference between chained and un- 
chained pairs was 3.74 (SD = 5.32). 
A t of 3.30 (.01 > p > .001) leads to 
rejection of the null hypothesis, and 
the conclusion that there was facilita- 
tion of learning of A-D pairs as con- 
trasted with the learning of A-X pairs. 

A secondary analysis of performance 
on Form 1 and Form 2 separately re- 
vealed that the direction of the differ- 
ence between chained and unchained 
pairs was positive for both forms 
(Form 1, M = + 4.92, SD = 5.85; 
Form 2, M = + 2.45, SD = 4.31). 
For Form 1, the t of 2.79 was signifi- 
cant at the .02 level of confidence. 
For Form 2, the t of 1.80 was between 
the .15 and .10 levels. 


TABLE 4 


Summary or Major Resutts 








Initial Successful Total Correct 
Anticipations (First 5 Responses: Mean 
Different Correct R's of Chained Minus 





for Each S) Unchained 
Experi- 
ment 
u Signifi- Signié 
‘ n- cance . 
Chained] chained | Differ- (3) cance 
ence 





Main 67 48 04 | +3.74| .O1 
Control} 30 30 —0.50 




















It was recognized that, if for reasons 
other than associative chaining, the 
A-D pairs were as a group intrinsically 
easier to learn than the A-X pairs, the 
results obtained here could be ac- 
counted for on the basis of that factor 
alone. The control study was run to 
provide information about the relative 
difficulty of A-D and A-X pairs in a 
situation where chaining of A-D pairs 
was not possible. The 12 Ss in the 
control experiment learned both Forms 
1 and 2 of the test list. The perform- 
ance of these Ss on- whichever form 
was learned last provided the basis for 
the analysis of the control experiment. 
First, the mean number of correct 
anticipations of the response word was 
determined for the ten A-D and the 
ten A-X pairs. The means were 7.06 
and 7.35 respectively, with SD’s of 
1.29 and 1.39. This difference did 
not approach significance and the 
direction of difference is unfavorable 
to the hypothesis that the A-D pairs 
were easier to learn than the A-X 
pairs. Finally, the two major analy- 
ses of the main experiment were 
repeated here. As Table 4 indicates, 
neither of the differences tested was 
significant, and in each case the 
direction of difference did not favor 
the A-D pairs. In the absence of the 
possibility of associative chaining, 
then, there was no evidence of easier 
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learning of the A-D pairs used in this 
experiment. 


Discussion 


Statistically, these results provide 
stronger evidence for mediational effects 
in learning than do the results of Bugelski 
and Scharlock (2). This is true in spite 
of the fact that the present experiment 
involves one more step in the chain of 
associations mediating the facilitated 
learning. Instead of an A-B-C sequence 
contributing to the learning of A-C, an 
A-B-C-D chain contributed to the learn- 
ing of A-D. This demonstration of 
mediational influences extending over 
more than one intervening term, and 
involving language habits established 
prior to the experiment, offers some 
confirmation for theoretical explanations 
of thinking, problem solving, etc., which 
have postulated the operation of such 
complex implicit associative sequences. 

Of course, the highly significant results 
obtained here, in the face of less convinc- 
ing evidence obtained in schematically 
simpler situations (2), raise the problem 
of accounting for this stronger effect. 
Two possibilities occur to the writers. 
First, it is probable that this experiment 
allowed a more efficient analysis by 
removing variability due to individual 
differences in learning ability. Although 
Bugelski and Scharlock endeavored to 
have each S act as his own control, their 
technique of analysis admittedly left 
some individual difference factors operat- 
ing. Our procedure of using within- 
individual differences removed this vari- 
able and may have allowed mediational 
effects to be revealed more sensitively. 
Furthermore, it is at least conceivable 
that the pre-existing verbal habits of 
this experiment were stronger than the 
associations learned during the Bugelski- 
Scharlock experiment. It is probable 
that such strong associations, if such 
they were, brought about mediational 
effects more readily than weaker asso- 
Ciations would have done. 

The mere demonstration of medi- 
ational influences in learning, however, 
does not explain how the effect is 
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achieved. The most plausible explana- 
tion would hold that the presence of an 
associative chain between the stimulus 
term and the response term in paired- 
associate learning increases the proba- 
bility that the response term will be 
elicited in the learning situation. Any 
such elicitation would presumably have 
two effects. First, it would increase the 
total number of correct responses made 
during learning. This would be a per- 
formance change influencing the criterion 
measures used in this study. Second, 
there would be an influence on learning. 
The performance change, of course, does 
not necessarily reflect a change in the 
underlying learning process itself. Nev- 
ertheless, such a learning change is 
implied, since any factor which increases 
the frequency of occurrence of a correct 
response would increase the number of 
reinforced trials and thus indirectly in- 
fluence the amount of learning. 

Less obvious is the possibility that the 
differences between the mediated and 
unmediated pairs are due to interference 
effects in the learning of the control 
(A-X) pairs. Although interference due 
to the tendency for the A terms to elicit 
B was controlled by the design, possible 
differential interference effects may be 
seen when the entire A-B-C-D sequence 
is considered. If the probability of the 
elicitation of D is enhanced by the pres- 
ence of A, as is stated above, then this 
tendency would compete with the elicita- 
tion of the correct response X in the 
unmediated pairs and possibly delay 
learning. It is conceivable that the 
associative chains used here produced 
both a facilitative effect upon mediated 
pairs and an interference effect upon un- 
mediated pairs. The possibility that 
these two effects of associative chains do 
operate is amenable to experimental test, 
although the design of this experiment 
and that of Bugelski and Scharlock (2) 
do not allow an analysis which would 
separate them. 

Whatever the explanation of the medi- 
ational effect may be, there can be little 
doubt that it is the phenomenon under- 
lying the superior performance of Ss on 
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the A-D pairs. The controls inherent in 
the main experiment plus the additional 
information from the control experiment 
leave little room for alternative hy- 
potheses. Such factors as serial posi- 


tion, idiosyncrasies of words and Ss, etc. “ 


operated equally for the mediated and 
nonmediated pairs and could not account 
for the differences obtained. 

The fact that questions following the 
experiment yielded no evidence that Ss 
could verbalize the mediating terms only 
emphasizes the Bugelski-Scharlock con- 
clusion that mediated association may be 
“unconscious.” 


SUMMARY 


This experiment was designed to study the 
effects of mediating verbal processes on paired- 
associate learning when the mediating process is 
implemented in part by pre-existing language 
habits and extends over more than one implicit 
verbal term. 

First, ten chains of word associations, B-C-D, 
were constructed from normative data on 
association frequencies. Twenty-three female 
college Ss then learned a list of A-B pairs where 
the A terms were nonsense syllables and the B 
terms were the initial members of the chains 
described above. The test situation required 
that Ss learn another list consisting of A-D and 
A-X pairs. The D terms were the final members 
of the associative word chains, and the X terms 
were not associated with any of the chains. A 
control experiment revealed that the A-D and 
A-X pairs did not differ in difficulty in the 
absence of chaining possibilities. 


10. 
11. 


It was found that the A-D pairs were learned —~} 


significantly faster, and elicited earlier in learn- 
ing, than the A-X pairs. It was concluded that 
implicit verbal chains of more than one link 
mediated these effects. { Reasons for these re- 
sults being even more clear-cut than those of 
schematically simpler previous experiments were 
discussed. 


13. 
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THE RELATIONSHIP BETWEEN OCCIPITAL ALPHA 
ACTIVITY AND LATERALITY! 


A. D. GLANVILLE AND J. J. ANTONITIS 


University of Maine 


The purpose of this study was to 
determine if differences in measures of 
alpha activity between the right (R) 
and left (L) occipital areas in normal 
adult Ss are correlated with laterality 
or sidedness as measured by the Jas- 
tak Ambigraph Laterality Test. Al- 
though marked differences in electrical 
activity between homologous regions 
on the two sides of the head are con- 
sidered indicative of pathological con- 
ditions, small differences are not un- 
usual in normal Ss (2, 3, 11). Some 
writers in this area believe that these 
“normal” differences are related to the 
handedness or laterality of the in- 
dividual (2, 9). 


Raney (9) in a careful quantitative 
study of the relationship between alpha 
activity and lateral dominance in a 
group of 17 pairs of identical twins be- 
tween 7 and 16 yr. of age found “.. . 
a tendency for the non-dominant side of 
the head according to behavioral indices 
to have a greater amount and amplitude 
of alpha activity” (p. 38). He found 
that such bilateral differences were more 
apparent in individuals with very pro- 
nounced lateral dominance, but the 
differences between the averages for his 
R-dominant and L-dominant Ss were 
not significant statistically “due to the 
small number of cases.” 

In 1940 Lindsley (7) reported a study 
of the relationship between laterality and 


1 The substance of this paper was presented 
at the 1954 meetings of the Eastern Psychological 
Association in New York City. The research 
was made possible by a grant to the authors 
from the Wilson Coe Research Fund. Ap- 
preciation is expressed to Joseph J. Majors and 
Stanley L. Payson, Jr., graduate students in 
psychology at the University of Maine, for in- 
valuable assistance in the conduct of this study. 


phase relationships of alpha waves and 
the amount of unilateral blocking of the 
alpha on the two sides of the head in a 
group of 65 normal children and 2 adult 
stutterers. Although his results indi- 
cated that both of the alpha factors ap- 
peared to be related to laterality as well 
as to stuttering, he concluded that neither 
of these factors selectively differentiates 
the hemispheres in terms of dominance. 

When Rheinberger, Karlin, and Ber- 
man (10) examined the relationship be- 
tween laterality and bilateral asymmetry 
of electrical brain activity in ten stutter- 
ing and ten nonstuttering children, they 
also found no consistent relationship. 
They pointed out, however, that there 
was a tendency for a greater degree of bi- 
lateral asymmetry to occur in individuals 
who showed strong lateral dominance 
on the laterality tests used. 

A more recent statement of the rela- 
tionship between bilateral differences in 
EEG activity and laterality is that of 
Cohn (2). Apparently largely on the 
basis of impression gained from the 
clinical evaluation of a number of normal 
EEG records he states: “In approxi- 
mately half of all subjects recorded from, 
there is a definitely discernible amplitude 
asymmetry over each cerebral hemi- 
sphere. In the great majority of these 
cases with amplitude asymmetry the 
output from the right cerebral hemisphere 
is more rhythmic and of higher voltage 
than that from the left side. This in a 
crude way corresponds to dominant 
handedness or eyedness, but there is no 
strict relationship between handedness 
and electrical cerebral dominance” (2, 
p. 9). 


This brief survey of studies and 
statements which bear directly on the 
problem indicates that further quan- 
titative study of the relationship be- 
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tween bilateral differences in alpha 
activity and laterality is needed. 
The problem may best be dealt with 
by making careful quantitative meas- 
urements both of alpha activity and of 
laterality on a relatively large group 
of Ss. The present writers, using 
data obtained in a normative EEG 
survey of adult Ss, were provided 
with an opportunity to examine care- 
fully the possible relationship between 
bilateral differences in occipital alpha 
activity and sidedness. 7 

Since a possible weakness of previ- 
ous studies may have been the method 
of determining laterality of the Ss, the 
Jastak Ambigraph Laterality Test (4) 
was chosen for use in the present 
study. Its author indicates that the 
test eliminates the effect of training 
to a greater degree than many other 
tests of laterality. The test has the 
additional advantages of not being 
restricted to some single aspect of 
laterality and of providing percentile 
norms established on 820 individuals. 


MeETHOD 


Subjects.—Fifty normal adult male Ss were 
used. The group included students and teach- 
ing staff members of the University of Maine. 
The mean age of the group was 23.8 yr.; the 
SD was 5.5 yr.; and the range was 19 to 47 yr. 
Eighty-six per cent of the Ss in the group were 
under 28 yr. All Ss were volunteers; the only 
criterion used for selection was willingness to 
serve as Ss. 

Normality of the Ss with respect to factors 
which might conceivably influence EEG’s was 
established by questioning Ss at the time of 
examination. None of the Ss in the group 
reported having suffered severe head injury, or 
psychomotor attacks which might be indicative 
of epilepsy, or any form of severe psychosomatic 
disorder. 

Apparatus and procedure-—A Model III-DS, 
two-channel Grass electroencephalograph was 
used in making simultaneous monopolar record- 
ings of electrical activity in the R and L occipital 
areas of each S. The S was seated in a lounge 
chair in an electrically shielded room. Silver 
coil electrodes (5) were fixed to the scalp at the 
level of the inion and positioned laterally on each 


side of the inion between 14 and 2 in. In all 
instances the electrodes were placed within R 
and L areas of maximal alpha activity as 
specified by Adrian and Yamagiwa (1). Silver 
ear clips were used as reference and ground 
electrodes on R and L ear lobes, respectively. 
Electrode jelly was used in the application of 
the electrodes. The resistance between the 
occipital electrodes and the reference electrode 
as measured with an ohmmeter was 10,000 ohms 
or less in every instance both prior to and 
following the EEG examination. After the 
electrodes were attached, the room was darkened 
and S was instructed to close his eyes and to 
relax as fully as possible. 

EEG activity was recorded for 4 min. with a 
pause of 30 to 60 sec. between the first and the 
second 2-min. periods. During the pause the 
EEG operator entered S’s room to make minor 
electrode adjustments if necessary, to reassure 
S, and to repeat the instructions to keep the 
eyes closed, to remain immobile, and to relax as 
fully as possible. The tape speed was 30 mm. 
persecond. Both EEG channels were calibrated 
so that 1 mm. of pen deflection represented an 
amplitude of 10 microvolts. Immediately after 
the EEG recording, S was given the Jastak 
Ambigraph Laterality Test. 

Analysis of records—Since the method 
adopted for measurement of aspects of alpha 
activity was painstaking and extremely time 
consuming, it was decided to measure the last 
40 sec. of record free of artifacts at the end of the 
second 2-min. period. Thi’ portion of the 
record was chosen on the assumption that it 
would provide the most reliable indication of 
electrical activity since S would be expected to 
be somewhat more adapted to the situation at 
the end than at the beginning of the examination. 
The alpha activity in the 40-sec. period selected 
was then marked off for measurement. The 
criteria adopted for determining what waves 
were to be considered as alpha were essentially 
those of Shagass (12), namely, that there should 
be at least three consecutive waves with a 
frequency of 7 to 14 per second, and that each 
wave should have an amplitude of not less than 
15 microvolts. A special clear plastic gauge 
with hairline separations etched to indicate 
these standards was employed to insure uni- 
formity of definition of alpha activity? 

After sections of the record containing alpha 
were marked off, these sections were measured 
with a millimeter scale to determine the amount 
of alpha and the alpha index (percentage of 
alpha) for each lobe. All amplitude measure- 


2 The gauge used was constructed by Professor 
Jonathan Biscoe of the Department of Physics 
of the University of Maine. 
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ments were made with an “alpha cumulator” 
similar to one devised by Shagass and Johnson 
(13). The principles specified by Kreezer (6) 
for amplitude measurements were strictly 
adhered to. 

Statistical procedures Since the study was 
concerned with the question of whether or not 
differences in alpha activity in the R and L 
occipital lobes were correlated with sidedness, 
it was decided to employ ratios of alpha measures 
in the two lobes as indices of differences in 
degree and direction of alpha activity and to 
correlate these ratios with raw scores on the 
Jastak Ambigraph Laterality Test. 

In determining the alpha indices and mean 
alpha amplitudes for R and L lobes of all Ss, a 
problem arose with regard to the records of a 
number of Ss who had zero or extremely small 
amounts of alpha in one or both lobes. In some 
instances it was felt that the very small number 
of waves present was insufficient for an accurate 
appraisal of mean alpha amplitude; in other in- 
stances, the mere fact of zero values made it 


impossible to obtain meaningful ratios between 


R- and L-lobe activity. For these reasons it 
was decided to exclude the records of 10 Ss in the 
original group of 60. The 50 Ss included in the 
study had at least 5% alpha in one lobe and 
some amount greater than zero in the other. 

To assess the reliability of the measurements 
of alpha index and mean alpha amplitude, odd- 
even reliability coefficients were computed using 
measurements obtained in alternate 10-sec. 
intervals of the R-lobe records of the 50 Ss. 
For alpha index, the reliability coefficient was 
.97; for alpha amplitude, .94. Both r’s have 
been corrected by means of the Spearman- 
Brown prophecy formula. For the Ambigraph 
Laterality Test, Jastak (4) has reported that 
values of reliability coefficients ranged from .67 
to .84 for items in the test battery in a group of 
820 Ss. No reliability coefficient for the test as 
a whole is reported. 

After the reliability of the measures of alpha 
indices and mean alpha amplitudes had been 
established, R/L ratios of these measures were 
computed for each S. Such R/L ratios were 
obtained by dividing R-lobe measures by L-lobe 
measures. Ratios with values less than 1.00 
represented higher degrees of alpha activity in 
L lobes; ratios with values greater than 1.00 
represented higher degrees of alpha activity in 
R lobes. The reliability of the R/L ratio 
measures of bilateral asymmetry was determined 


Measurements of mean alpha frequency 
were also made but not used in the present study. 
The odd-even reliability coefficient for the alpha 
frequency measure corrected by the Spearman- 
Brown formula was .88 for the right lobe. 
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by correlating measures obtained in alternate 
10-sec. intervals of the 40-sec. sections of tape 
measured. The reliability coefficients for R/L 
ratios of alpha indices and mean alpha ampli- 
tudes as corrected by means of the Spearman- 
Brown formula were .85 and .79, respectively. 
To assess the degree of independence of these 
measures of bilateral asymmetry of alpha 
activity, the correlation between the R/L ratios 
of alpha indices and the R/L ratios of mean 
alpha amplitudes was computed. The value of 
r in this instance was .39; o- was .12. Even 
though the degree of positive correlation is 
significant, the relatively low value of r indicates 
that the measures are relatively independent. 


RESULTs AND Discussion 


The values of the correlation co- 
efficients obtained between each of 
the two measures of bilateral alpha 
asymmetry and the laterality test 
raw scores, shown in Table 1, indicate 
no significant relationship between 
either of the EEG measures and 
sidedness. The small positive cor- 
relation between alpha index R/L 
ratios and laterality test scores indi- 
cates, if anything, a very slight con- 
tralateral association of greater oc- 
cipital alpha activity and dominant 
sidedness in the present group of Ss. 
So far as occipital alpha activity is 
concerned, the obtained correlations 
do not confirm the expectation based 
on the previous observations of Cohn 
(2) and Raney (9) of greater alpha 
activity in the nondominant hemi- 
sphere as indicated by sidedness. 


TABLE 1 


Corre.taTions Between R/L Ratios anp 
LaTERALITY Test Raw Scores 








Measures Correlated r or 


Alpha index R/L ra- 
tios and laterality 
scores 14 14 

Alpha amplitude R/L 
ratios and laterality 
scores .002 14 
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The results of the present study 
were treated in another way to obtain 
a direct comparison with the findings 
of Raney (9) concerning the direction 
of association of cerebral dominance 
as indicated by alpha activity and 
dominance in terms of sidedness. 
Alpha indices and measures of alpha 
amplitude reported by Raney for oc- 
cipital and central regions of individ- 
ual Ss were converted to R/L ratios, 
and means of such ratios were com- 
puted for Raney’s R- and L-sided 
groups. It should be noted that 
Raney classified his Ss as dominantly 
R or L sided chiefly on the basis of per- 
formance on the phi test. The Ss of 
the present study were divided into R- 
and L-sided groups on the basis of 
percentile ratings of scores on the 
Ambigraph Laterality Test. The Ss 
scoring at or below the 50th percentile 
were classified as R sided, and Ss 
scoring above the 50th percentile as L 
sided. Means of R/L ratios for the 
R- and L-sided groups of the present 
study were then computed. Table 2 
presents the means of R/L ratios thus 
obtained for R- and L-sided groups 
of the present study and Raney’s 
study. Nonparametric tests of sig- 
nificance (15) were applied to distribu- 
tions of R/L ratios for R- and L-sided 
groups to determine if the associations 
of side of greater alpha activity and 
sidedness represented in the means 
listed in Table 2 were statistically 
significant. These values are shown 
in Table 2. 

The distributions of R/L ratios of 
both measures of occipital alpha activity 
are not significantly different for the R- 
and L-sided groups of both the present 
study and Raney’s study. In both 
studies, the same reversal in direction of 
association of side of greater alpha activ- 
ity and dominant sidedness is indicated 
by the means of the occipital R/L ratios of 
alpha amplitudes and alpha indices. 
The conclusion is that the results reveal 


TABLE 2 


Comparison oF Mean R/L Ratios or ALPHa 
Activity ror Ricut- anp Lert-Sipep 
Ss in THe Present Stupy anpD 
in Raney’s Stupy 

















se Raney's Study 
N | Oil | | Steal | Seat 
Alpha amplitude 
R/L 
Right-sided Ss 22 | 1.001 | 17} 1.02 | 1.21 
Left-sided Ss 28] .999117| .97 | 1.00 
Alpha index R/L 
Right-sided Ss 22|1.087|}17| .99 | 1.21* 
Left-sided Ss 28 | 1.168 |17| 1.01 | .94* 




















*» < 01 for difference between R-sided and L- 
sided Ss. 


neither a contralateral nor an ipsilateral . 
association of greater occipital alpha 
activity with dominant sidedness. The 
present treatment of Raney’s data for 
the central region, however, does confirm 
his statement based on other statistical 
treatments of the same data that“. . . 
there is a tendency for the non-dominant 
side of the head according to behavioral 
indices to have a greater amount and 
amplitude of alpha activity...” (9, 
p. 38). Table 2 indicates that the ipsi- 
lateral association of side of greater alpha 
activity measured in the central region 
and dominant sidedness in terms of the 
phi test is more clearly reflected by R/L 
ratios of alpha indices than R/L ratios 
of alpha amplitudes. 

To check on Raney’s observation (9) 
that bilateral differences in direction of 
greater alpha activity were more appar- 
ent in Ss with pronounced lateral domi- 
nance, the relationship of side of greater 
alpha activity to dominant sidedness was 
examined in Ss classifiable as strong R 
and strong L in the present study. The 
Ss scoring at or below the 24th percentile 
on the Ambigraph Laterality Test were 
classified as strong R; Ss scoring at or 
above the 76th percentile were classified 
asstrongL. Table 3 presents the values 
of the means of the two types of R/L 
ratios for the strong R and strong L 
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TABLE 3 


Mean R/L Ratios or Avpua AcTIVITY FOR 
Srronc Ricut anp Stronc Lert Ss 








Ambigraph Test 
Percentiles 





R/L Measure 





0-24 76-100 

Strong Strong 
ight Left 

(N =12) (N =18) 
Alpha index R/L 1.00 1.20 
Alpha amplitude R/L 1.03 1.01 








groups. These means suggest that the 
groups do not differ. The direction of 
the greater difference between the means 
of R/L ratios of alpha indices suggests 
that the strong L Ss show a tendency for 
more alpha activity to occur in R or 
dominant hemispheres as inferred on the 
basis of sidedness. The strong R Ss, 
with a mean R/L ratio of 1.00, do not 
show an opposite tendency. Nonpara- 
metric T tests of significance (14), how- 
ever, reveal that the distributions of 
R/L ratios of both alpha indices and 
amplitudes are not significantly different 
in the strong R and strong L groups, 
which indicates roughly that the means 
do not differ significantly (8). The 
tendency noted by Raney (9) for a more 
clear-cut association of greater alpha 
activity in the nondominant hemisphere 
with dominant sidedness is not apparent 
in our Ss. The present finding, how- 
ever, does not necessarily conflict with 
Raney’s observation since Raney pointed 
out that the association being considered 
was not great enough to be statistically 
significant either in terms of occipital or 
central measures in two groups of six Ss 
each (6 twin pairs) highly selected for 
lateral dominance. 


Thus, the data of both the present 
study and Raney’s study indicate 
that such measurable differences in 
occipital alpha activity as do occur in 
simultaneous bilateral records of nor- 
mal Ss under “‘relaxed”’ conditions are 
not significantly related to sidedness. 
Given Raney’s findings (9).for the 
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central region and Cohn’s impressions 
(2) formed apparently on the basis of 
examination of EEG records taken 
simultaneously from several regions, 
bilateral differences in alpha activity 
recorded from central regions of re- 
laxed Ss may, however, bear some 
relationship to sidedness. The fact 
that Rheinberger, Karlin, and Berman 
(10) reported that their records from 
central regions showed variable as- 
sociation of bilateral differences in 
alpha and sidedness indicates that 
further experimentation is necessary to 
establish conclusively that differences 
in alpha activity from homologous 
central regions are related to sided- 
ness. 


SUMMARY 


Relationships between indices of differences 
in alpha activity recorded from right and left 
occipital lobes and sidedness as measured by the 
Jastak Ambigraph Laterality Test were ex- 
amined in a group of 50 normal adult male Ss. 
No significant relationships were found either 
in the total group or in selected strong right and 
strong left subgroups. The conclusion is drawn 
that such measurable differences as do occur in 
simultaneous bilateral records of occipital alpha 
activity of normal Ss under relaxed conditions 
are not significantly related to sidedness. 
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ERRATUM 


In the article “The Relationship 
Under Stress Between Changes in 
Skin Temperature, Electrical Skin Re- 
sistance, and Pulse Rate,” by Law- 
rence M. Baker and William M. 
Taylor, in the November 1954 issue of 
this journal (J. exp. Psychol., 48, 361- 
365), there were two errors on page 
364 in the section on Results. In the 


paragraph on relationships between 
physiological indices, the relationship 
for the rest period just preceding spark 
stimulation should be .487 (not .478), 
and the relationship under tension 
stimulation between skin temperature 
and pulse should be .348 (mot .381). 
Both correlation ratios are given cor- 
rectly in Table 2. 








